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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of
charging, and particularly to an adapter and a method
for charging control.

BACKGROUND

[0002] An adapter, also known as a power adapter, is
used to charge a device to be charged, such as a terminal.
Currently the adapter on the market generally uses a
constant voltage to charge the device to be charged (such
as the terminal). As a battery of the device to be charged
is generally a lithium battery, the use of constant voltage
for charging is likely to cause lithium precipitation phe-
nomenon, resulting in shorter battery life.
[0003] Further, from US 6 075 340 A there is known a
battery pack having a memory. A battery conditioning
system monitors battery conditioning and includes a
memory for storing data based thereon; for example, data
may be stored representative of available battery capac-
ity as measured during a deep discharge cycle. With a
microprocessor monitoring battery operation of a porta-
ble unit, a measure of remaining battery capacity can be
calculated and displayed. Where the microprocessor and
battery conditioning system memory are permanently se-
cured to the battery so as to receive operating power
therefrom during storage and handling, the performance
of a given battery in actual use can be accurately judged
since the battery system can itself maintain a count of
accumulated hours of use and other relevant parameters.
In the case of a non-portable conditioning system, two-
way communication may be established with a memory
associated with the portable unit so that the portable unit
can transmit to the conditioning system information con-
cerning battery parameters and/or battery usage, and
after a conditioning operation, the conditioning system
can transmit to the portable unit a measured value of
battery capacity, for example. A battery pack having
memory stores battery history and identifying data to be
retrieved by a portable battery powered device. Battery
status information may be utilized in conjunction with
characteristic battery history data in order to optimize
charging and discharging functions and to maximize the
useful life of a battery pack.
[0004] From CN 102 916 595 A there is known a switch-
ing power supply and multi-threshold switching circuit
thereof. The multi-threshold switching circuit is charac-
terized in that a sampling voltage judgment module is
used for dividing voltage outputted by a power supply
circuit, comparing the voltage with a first reference volt-
age, a second reference voltage and a third reference
voltage outputted by a reference voltage generating mod-
ule and outputting corresponding control signals to a volt-
age-controlled oscillation module according to compari-
son results. The voltage-controlled oscillation module is

used for generating pulse signals with specific duty ratio
according to a fourth reference voltage and a fifth refer-
ence voltage which are outputted by the reference volt-
age generating module and the control signals. A power
switch is used for high-frequency on-off switching with a
corresponding frequency according to the pulse signals
to enable a transformer to perform storage and release
of electricity energy correspondingly, so that output volt-
age of the transformer is periodically modulated to
achieve stable contact voltage output. The switching
power supply is further simplified structurally by the aid
of the multi-threshold switching circuit, and cost is re-
duced.
[0005] Also, from CN 203 981 764 U there is known a
high speed pulse peak identifying and sampling circuit
comprising a voltage comparator LM311, a sampling and
holding chip LF398, a trigger SN74LS74, an analog
switch MAX4541, a resistor and a capacitor. A pulse peak
determining and holding circuit takes the high speed volt-
age comparator LM311, the sampling and holding chip
LF398 and the trigger SN74LS74 as the core elements,
wherein the voltage comparator LM311 is used to deter-
mine whether a pulse reaches a peak. The sampling and
holding chip LF398 holds a peak voltage for a period of
time, and the trigger SN74LS74 triggers a micro control
unit (MCU) to finish the AD sampling. The MCU takes a
C8051F410 single-chip microcomputer as the core, re-
ceives a sampling signal coming from the trigger, sends
a command of the AD sampling, and controls the charg-
ing and discharging of a holding capacitor. The high
speed pulse peak identifying and sampling circuit of the
utility model is simple in structure design, is easy to de-
bug, and satisfies the AD sampling requirement of a
pulse-height analyzer in the energy spectrum analysis.
[0006] From EP 2 887 492 A2 there is known a method
and apparatus for charging a battery. The method com-
prises detecting a connection between an electronic de-
vice and a battery charger, transmitting to the battery
charger a first request for at least one of a first voltage
level and a first current level, receiving from the battery
charger a signal, and charging a battery of the electric
device with the signal.
[0007] From US 5 442 274 A there is known a recharge-
able battery charging method repeating peak and trough
voltage and current waveforms taking the battery to a
temporary over-voltage state during peak charging. This
method achieves rapid recharge while avoiding battery
performance degradation. Constant current charging or
quasi-constant current charging is performed during
peak charging, while during troughs, charging is either
suspended or reduced. After the battery capacity has
reached a set value by hysteresis charging, an optimum
voltage is maintained by constant voltage charging.

SUMMARY

[0008] Implementations of the present disclosure re-
lates to an adapter and a method for charging control, to
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alleviate lithium precipitation phenomenon and prolong
the service life of the battery. The present invention is
defined in the appended independent claims. Further
preferred embodiments are defined in the dependent
claims.
[0009] The output current of the adapter provided here-
in is a current of a pulsating waveform (or can be referred
to as pulsating direct current (DC)). The current of the
pulsating waveform can reduce lithium precipitation phe-
nomenon of a battery. In addition, the current of the pul-
sating waveform can reduce arcing probability and arcing
intensity of the contact(s) of a charging interface, thereof
the service life of the charging interface can be prolonged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In order to more clearly illustrate the technical
solution of the embodiments of the present disclosure,
the following drawings, which are to be used in the em-
bodiments, will be briefly described. It will be apparent
that the drawings described below are merely some em-
bodiments, those skilled in the art will be able to obtain
additional drawings in accordance with these drawings
without paying creative work.

FIG.1 is a schematic structure diagram illustrating a
second adapter according to an embodiment.
FIG.2A and FIG.2B are schematic diagrams illustrat-
ing a pulsating waveform according to an embodi-
ment.
FIG.3 is a schematic structure diagram illustrating a
second adapter according to another embodiment.
FIG.4 is a schematic structure diagram illustrating a
second adapter according to still another embodi-
ment.
FIG.5 is a schematic diagram illustrating a phase
relationship between a sync signal and a first pulsat-
ing waveform.
FIG.6 is a schematic structure diagram illustrating a
second adapter according to still another embodi-
ment.
FIG.7 is a schematic structure diagram illustrating a
second adapter according to still another embodi-
ment.
FIG.8 is a schematic structure diagram illustrating a
second adapter according to still another embodi-
ment.
FIG.9 illustrates acquisition of the sync signal ac-
cording to an embodiment.
FIG.10 is a schematic structure diagram of a current
acquisition and control unit according to an embod-
iment.
FIG.11 is a schematic diagram illustrating a wave-
form relationship among a reference voltage, output
level of a comparator, and an output current of a
second adapter according to an embodiment.
FIG.12 is a schematic diagram illustrating a wave-
form relationship among a reference voltage, output

level of a comparator, and an output current of a
second adapter according to another embodiment.
FIG.13 is a schematic structure diagram illustrating
a current acquisition and control unit according to
another embodiment.
FIG.14 is a schematic structure diagram of a second
adapter according to still another embodiment.
FIG.15 is a schematic structure diagram of a second
adapter according to still another embodiment.
FIG.16 is a schematic structure diagram of a second
adapter according to still another embodiment.
FIG.17 is a schematic structure diagram of a second
adapter according to still another embodiment.
FIG.18 is a schematic structure diagram of a second
adapter according to still another embodiment.
FIG.19A illustrates the connection between a sec-
ond adapter and a device to be charged according
to an embodiment.
FIG.19B illustrates a quick charging communication
process according to an embodiment.
FIG.20 is a schematic structure diagram of a second
adapter according to another embodiment.
FIG.21 is a schematic diagram illustrating a circuit
structure of a second adapter according to an em-
bodiment.
FIG.22 is a schematic diagram illustrating a circuit
structure of a second adapter according to another
embodiment.
FIG.23 is a flow chart illustrating a method for charg-
ing control according to an embodiment.

DETAILED DESCRIPTION OF ILLUSTRATED EM-
BODIMENTS

[0011] Embodiments of the present disclosure will now
be described in conjunction with the accompanying draw-
ings, and it will be apparent that the described embodi-
ments are part of the present invention and are not in-
tended to be exhaustive.
[0012] A first adapter for charging a device to be
charged (e.g., a terminal) is mentioned in the related art.
The first adapter typically operates in a constant-voltage
mode. In the constant-voltage mode, an output voltage
of the first adapter basically maintains constant, such as
5V, 9V, 12V, 20V, and so on.
[0013] The output voltage of the first adapter is not suit-
able to be directly applied to both ends of a battery. The
output voltage of the first adapter needs to be regulated
by a conversion circuit built in the device to be charged
(e.g., a terminal) in order to obtain a charging voltage
and/or a charging current desired by the battery of the
device to be charged (such as a terminal).
[0014] The conversion circuit is configured to convert
the output voltage of the first adapter to the charging volt-
age and/or the charging current desired by the battery.
[0015] As an example, the conversion circuit may refer
to a charging management module such as a charging
integrated circuit (IC) configured to regulate the charging
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voltage and/or the charging current for the battery during
the battery charging process. The conversion circuit may
serve the function of a voltage feedback module and that
of a current feedback module thus realizing management
of the charging voltage and/or the charging current of the
battery.
[0016] For example, the battery charging process may
include one or more of the following stage: a trickle charg-
ing stage, a constant-current charging stage, and a con-
stant-voltage charging stage. In the trickle charging
stage, the conversion circuit can make the current flowing
into the battery in the trickle charging stage by using a
current feedback loop reach the magnitude of the battery
desired charging current (such as a first charging cur-
rent). In the constant-current charging stage, the conver-
sion circuit may use a current feedback loop to make the
current flowing into the battery in the constant-current
charging stage meet the battery desired charging current
(such as a second charging current which may be greater
than the first charging current). In the constant-voltage
charging stage, the conversion circuit may use a voltage
feedback loop to make the voltage applied to both ends
of the battery in the constant-voltage charging stage meet
the battery desired charging voltage.
[0017] As an example, when the output voltage of the
first adapter is greater than the battery desired charging
voltage, the conversion circuit can be configured to per-
form a step-down conversion on the output voltage of the
first adapter so that the stepped-down charging voltage
would be able to meet requirements of the battery desired
charging voltage. As another example, when the output
voltage of the first adapter is lower than the battery de-
sired charging voltage, the conversion circuit can be con-
figured to perform a step-up conversion on the output
voltage of the first adapter so that the stepped-up charg-
ing voltage would be able to meet the requirements of
the battery desired charging voltage.
[0018] As yet another example, the first adapter out-
puts a constant-voltage of 5V. When the battery includes
a single cell (e.g., a lithium battery cell of which the charg-
ing cut-off voltage of a single cell is 4.2V), the conversion
circuit (such as a Buck circuit) can perform a step-down
conversion on the output voltage of the first adapter so
that the stepped-down charging voltage would be able
to meet the requirements of the battery desired charging
voltage.
[0019] As still another example, the first adapter out-
puts a constant-voltage of 5V. When the first adapter is
configured to charge a battery with two or more cells con-
nected in series (e.g., a lithium battery cell of which the
charging cut-off voltage of a single cell is 4.2V), the con-
version circuit (such as a Boost circuit) can perform a
step-up conversion on the output voltage of the first
adapter so that the stepped-up charging voltage would
be able to meet the requirements of the battery desired
charging voltage.
[0020] Due to the low conversion efficiency of the con-
version circuit, the power of the non-converted part would

be dissipated in the form of heat. The heat would accu-
mulate in the inside of the device to the charged (e.g., a
terminal); while the space for design and cooling of the
device to be charged (e.g., a terminal) are very limited
(e.g., the physical size of a mobile terminal used by users
becomes increasingly thin, and a large number of elec-
tronic components are arranged in the mobile terminal
to enhance its performance), which not only improves
the design difficulty of the conversion circuit, but also
makes it hard to release the heat accumulated inside the
device to be charged (e.g., a terminal) in time, thereby
causing an abnormality of the device to be charged (e.g.,
a terminal).
[0021] For example, the electronic components near
the conversion circuit may be thermally interfered by the
heat accumulated in the conversion circuit, which causes
the electronic components to work abnormally. For an-
other example, the life of the conversion circuit as well
as the electronic components nearby may be shortened
by the heat accumulated in the conversion circuit. Still
further, for example, the battery may be thermally inter-
fered by the heat accumulated in the conversion circuit,
leading to the battery being charged or discharging ab-
normally. In addition, for example, the temperature of the
device to be charged (e.g., a terminal) would be caused
to rise by the heat accumulated in the conversion circuit,
affecting the user experience during the charging proc-
ess. Moreover, a short circuit of the conversion circuit
itself may be caused by the heat accumulated in the con-
version circuit, such that the output voltage of the first
adapter would be directly applied to both ends of the bat-
tery, causing a charging abnormality or even leading to
a battery explosion when the battery has been over-
charged for a long period of time, resulting in potential
security risks.
[0022] A second adapter with an adjustable output volt-
age is provided. The second adapter can acquire status
information of a battery. The status information may in-
clude at least present power information and/or present
voltage information of the battery. The second adapter
may adjust its output voltage according to the acquired
status information of the battery to meet the requirements
of a battery desired charging voltage and/or charging cur-
rent. In the constant-current charging stage of the battery
charging process, the output voltage of the second adapt-
er after adjustment can be applied to both ends of the
battery for charging directly.
[0023] The second adapter may have the function of
a voltage feedback module and the function of a current
feedback module to manage the charging voltage and/or
charging current of the battery.
[0024] By that the second adapter adjusts its output
voltage based on the acquired battery status information,
it means the second adapter is able to obtain the battery
status information in real time and thus adjust its output
voltage based on the real-time battery status information
obtained each time, so as to meet the battery desired
charging voltage and/or charging current.
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[0025] By that the second adapter adjusts its output
voltage based on the acquired battery status information,
it may also mean that as the battery voltage continues
to rise during the charging process, the second adapter
can obtain the battery status information at different times
and adjust its output voltage in real time based on the
obtained battery status information, thus meeting the re-
quirements of the battery desired charging voltage and/or
charging current.
[0026] For example, the battery charging process may
include at least one selected from a group consisting of
a trickle charging stage, a constant-current charging
stage, and a constant-voltage charging stage. In the trick-
le charging stage, the second adapter can output a cur-
rent (such as a first charging current) to charge the battery
which meets the requirements of the battery desired
charging current with aid of a current feedback loop. In
the constant-current charging stage, the second adapter
can output a current (such as a first second charging
current, which is greater than the first charging current)
to charge the battery which meets the requirements of
the battery desired charging current with aid of a current
feedback loop; in addition, the charging voltage output
from the second adapter can be applied to both ends of
the battery for charging directly. In the constant-voltage
charging stage, the second adapter may use a voltage
feedback loop to make the voltage output from the sec-
ond adapter meet the requirements of the battery desired
charging voltage.
[0027] For the trickle charging stage and the constant-
voltage charging stage, the voltage output from the sec-
ond adapter can be processed in a manner similar to that
of the first adapter, that is, the voltage can be converted
by a conversion circuit of the device to be charged (such
as a terminal) to obtain the desired charging voltage
and/or charging current of a battery of the device to be
charged (such as a terminal).
[0028] In order to improve the reliability and safety of
the battery charging process, in embodiments of the
present disclosure, the second adapter can be controlled
to output a voltage/current of a pulsating waveform. The
second adapter of the embodiment will be described in
detail below with reference to FIG.1.
[0029] FIG.1 is a schematic structure diagram illustrat-
ing a second adapter according to an embodiment. As
illustrated in FIG.1, a second adapter 10 may include a
power conversion unit 11, a sample and hold unit 12, and
a current acquisition and control unit 13.
[0030] The power conversion unit 11 is configured to
convert an input alternating current (AC) to obtain an out-
put voltage and an output current of the second adapter
10, in which the output current of the second adapter 10
is a current of a first pulsating waveform.
[0031] The sample and hold unit 12 is connected to
the power conversion unit 11. When in a sampling state,
the sample and hold unit 12 is configured to sample the
current of the first pulsating waveform. When in a holding
state, the sample and hold unit 12 is configured to hold

(or lock) a peak value of the current of the first pulsating
waveform.
[0032] The current acquisition and control unit 13 is
connected to the sample and hold unit 12 and is config-
ured to determine whether the sample and hold unit 12
is in the holding state. When the sample and hold unit 12
is in the holding state, the current acquisition and control
unit 13 can acquire the peak value of the current of the
first pulsating waveform held by the sample and hold unit
12.
[0033] The current output from the second adapter is
a current of a first pulsating waveform (also known as
pulsating direct current). The current of the pulsating
waveform can reduce lithium precipitation phenomenon
of a battery. In addition, the current of the pulsating wave-
form can reduce arcing probability and arcing intensity
of the contact(s) of a charging interface, and therefore
the service life of the charging interface can be prolonged.
[0034] The second adapter will generally adjust the
output current thereof according to actual situations. In
the case of a second adapter that is operable in a con-
stant-current mode, the second adapter typically adjusts
the output current thereof based on the battery voltage
of the device to be charged (such as a terminal) and
charges the battery in the form of multi-stage constant-
current. Therefore, in the charging process, the output
current of the second adapter need to be detected and
controlled in real time. If the current value of the output
current of the second adapter is constant, the detection
and control of the output current of the second adapter
is relatively easy to achieve. However, the output current
of the second adapter is the current of the first pulsating
waveform, since the magnitude of the current of the first
pulsating waveform is fluctuating, it is necessary to de-
sign a detection and control mode dedicated for the out-
put current of the dedicated second adapter.
[0035] In view of this, the second adapter is equipped
with the sample and hold unit 12 and the current acqui-
sition and control unit 13, on the basis of which the peak
value of the output current of the second adapter can be
acquired, thereby ensuring that the second adapter can
effectively control the output current.
[0036] As mentioned above, the output current of the
second adapter is the current of the first pulsating wave-
form. "Pulsating waveform" referred to herein can be a
complete pulsating waveform, or may be one obtained
from a complete pulsating waveform that undergone a
peak clipping process. The so-called "peak clipping proc-
ess" may refer to filter a portion of the pulsating waveform
that exceeds a certain threshold value, thereby achieving
a control of the pulsating waveform peak. The pulsating
waveform illustrated in FIG.2A is a complete pulsating
waveform while the pulsating waveform illustrated in
FIG.2B is one obtained from a complete pulsating wave-
form after the peak clipping process.
[0037] It is to be understood that the embodiment of
the present disclosure is not particularly limited to the
manner in which the power conversion unit 11 converts
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the alternating current into the current of the first pulsating
waveform. For example, a primary filter unit and a sec-
ondary filter unit can be removed from the power conver-
sion unit 11 to obtain the current of the first pulsating
waveform. This can not only allow the second adapter
10 to output the current of the first pulsating waveform,
but also significantly reduce the volume of the second
adapter 10, which facilitates the miniaturization of the
second adapter 10.
[0038] The device to be charged known as a "commu-
nication terminal" (or simply called a "terminal") as used
in the embodiments of the disclosure may include, but is
not limited to, a device configured to be coupled via a
wired line and/or receive/transmit communication signals
via a wireless interface. Examples of the wired line may
include, but are not limited to, at least one of a public
switched telephone network (PSTN), a digital subscriber
line (DSL), a digital cable, a cable used for direct con-
nection, and/or another data connection line or network
connection line. Examples of the wireless interface may
include, but are not limited to, a wireless interface for a
cellular network, a wireless local area network (WLAN),
a digital television network such as a digital video broad-
casting-handheld (DVB-H) network, a satellite network,
an AM-FM broadcast transmitter, and/or another com-
munication terminal. A terminal configured to communi-
cate via a wireless interface may be referred to as a "wire-
less communication terminal", a "wireless terminal",
and/or a "mobile terminal". Examples of a mobile terminal
may include, but are not limited to, a satellite or cellular
telephone, a personal communication system (PCS) ter-
minal capable of combining cellular radio telephone and
data processing, fax, and data communication capabili-
ties, a personal digital assistant (PDA) equipped with ra-
dio telephone capacity, pager, Internet/Intranet access
capacity, Web browser, notebook, calendar, and/or glo-
bal positioning system (GPS) receiver, and a convention-
al laptop and/or a handheld receiver or another electronic
device equipped with radio telephone capacity.
[0039] In some implementations, the second adapter
10 may include a charging interface (such as a charging
interface 191 illustrated in FIG.19A); however, the type
of the charging interface according to the embodiment is
not particularly limited. For example, the charging inter-
face may be a universal serial bus (USB) interface, which
may be a standard USB interface, a micro USB interface,
or a Type-C interface.
[0040] The embodiment of the present disclosure is
not particularly limited to the implementation of the sam-
ple and hold unit 12. Generally, the sample and hold unit
12 may realize the sampling and holding of the signal
based on capacitance. The form of the sample and hold
unit 12 will be described in detail below with reference to
FIG.3.
[0041] As one implementation, as illustrated in FIG.3,
the sample and hold unit 12 may include a current sam-
pling unit 14 and a current holding unit 15. The current
sampling unit 14 is connected to the power conversion

unit 11 and configured to detect the current of the first
pulsating waveform to get a sampling current, which is
then converted to a sampling voltage. The sampling volt-
age is configured to indicate the magnitude of the current
of the first pulsating waveform. The current holding unit
15 is connected to the current sampling unit 14 and the
current acquisition and control unit 13. The current hold-
ing unit 15 is configured to receive the sampling voltage
from the current sampling unit 14 and charge a capacitor
(not illustrated in FIG.3) of the current holding unit 15 on
the basis of the sampling voltage received. The current
acquisition and control unit 13 is configured to obtain the
peak value of the current of the first pulsating waveform
by acquiring the voltage across the capacitor of the cur-
rent acquisition and control unit 13.
[0042] When the first pulsating waveform is at the rising
edge, the capacitance in the current holding unit 15 rises
as the current value of the current of the first pulsating
waveform increases, and the sample and hold unit 12 is
in the sampling state. When the first pulsating waveform
is at the peak or falling edge, the voltage across the ca-
pacitor remains unchanged, and the sample and hold
unit 12 is in the holding state.
[0043] The current acquisition and control unit 13 is
configured to acquire the peak value of the current of the
first pulsating waveform held by the sample and hold unit
12. In some implementations, the current acquisition and
control unit 13 may include an analog-to-digital converter
(ADC), and the current acquisition and control unit 13
can acquire the peak value of the current of the first pul-
sating waveform based on the ADC. In some implemen-
tations, the current acquisition and control unit 13 may
further include a control unit such as a microcontroller
unit (MCU). The control unit may include an ADC port,
through which the control unit may be connected to the
capacitor of the sample and hold unit 12, thereby acquir-
ing the voltage across the capacitor so as to acquire the
peak value of the first pulsating waveform.
[0044] When the sample and hold unit 12 is in the sam-
pling state, the voltage across the capacitor rises as the
current value of the current of the first pulsating waveform
increases, which is equivalent to a charging process.
When the sample and hold unit 12 is in the holding state,
the voltage across the capacitor reaches its maximum.
Correspondences between the voltage across the ca-
pacitor and the current of the first pulsating waveform
can be set in advance. As such, it is possible for the
current acquisition and control unit 13 to know the peak
value of the current of the first pulsating waveform by
acquiring the value of the voltage across the capacitor.
[0045] In other implementations, the current acquisi-
tion and control unit 13 can control the sample and hold
unit 12 to switch from the holding state to the sampling
state after acquiring the peak value of the current of the
first pulsating waveform.
[0046] The peak value of the current of the first pulsat-
ing waveform may be changed in real time. Therefore, it
is necessary to continuously detect the peak value of the
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current of the first pulsating waveform to ensure the real-
time capacity and accuracy of current information, there-
by ensuring the charging process is smooth. Based on
this, after the peak value of the current of the first pulsat-
ing waveform is acquired, the current acquisition and
control unit 13 provided herein can control the sample
and hold unit 12 to switch to the sampling state and re-
sample the current of the first pulsating waveform to en-
sure the real-time capacity and accuracy of peak value
acquisition of the current of the first pulsating waveform.
[0047] In some implementations, the current acquisi-
tion and control unit 13 may perform a peak value acqui-
sition in each period of the first pulsating waveform and
immediately control the sample and hold unit 12 to switch
from the holding state to the sampling state after the ac-
quisition of the peak value. As a result, the peak value
of the current of the first pulsating waveform acquired by
the current acquisition and control unit 13 is updated in
real time in units of the period of the first pulsating wave-
form to ensure the real-time capacity and accuracy of the
current peak acquisition of the first pulsating waveform.
[0048] It can be seen from the above that the output
current of the second adapter 10, i.e., the charging cur-
rent, is the current of the first pulsating waveform. The
charging current can charge the battery intermittently,
and the period of the charging current can follow the grid
frequency changes. In some embodiments, the frequen-
cy corresponding to the period of the charging current
may be an integer multiple or a reciprocal of the grid
frequency. In other words, the charging current can be
used to intermittently charge the battery. In some em-
bodiments, the charging current may consist of one or a
set of pulses synchronized with the grid.
[0049] It will be understood that the manner in which
the current acquisition and control unit 13 controls the
sample and hold unit 12 to switch from the holding state
to the sampling state may be varied. For example, the
current acquisition and control unit 13 may control the
capacitor in the sample and hold unit 12 to discharge to
clear the charge across the capacitor, such that the ca-
pacitor in the sample and hold unit 12 can be recharged
when the next sampling period arrives.
[0050] In some embodiments, as illustrated in FIG.4,
the sample and hold unit 12 may hold the peak of the
current of the first pulsating waveform based on the ca-
pacitor (not illustrated in FIG.4) in the sample and hold
unit 12. The current acquisition and control unit 13 may
include a discharging unit 16 and a control unit 17. The
discharging unit 16 is connected to the control unit 17
and the capacitor of the sample and hold unit 12 respec-
tively. The discharging unit 16 is configured to release
the charge across the capacitor of the sample and hold
unit 12 under the control of the control unit 17, such that
the sample and hold unit 12 can be made switch from
the holding state to the sampling state. The control unit
17 can be configured to acquire the peak value of the
current of the first pulsating waveform, which is held by
the sample and hold unit 12.

[0051] The discharging unit 16 may be implemented
in a variety of ways. For example, the discharging unit
16 may include a switch(es) and a resistor(s) connected
in series with the capacitor in the sample and hold unit
12. When discharging is required, the control unit 17 con-
trols the switch to be switched on, so that the capacitor
and the resistor can form a discharging path, thereby the
resistor can consume the charge across the capacitor.
[0052] The embodiment of the present disclosure is
not particularly limited to the manner in which the current
acquisition and control unit 13 can judge whether or not
the sample and hold unit 12 is in the holding state, and
will be described in detail with reference to embodiments.
[0053] In some embodiments, the current acquisition
and control unit 13 can detect the current value sampled
by the sample and hold unit 12 in real time, and if the
current value detected continuously twice is kept con-
stant, it indicates that the sample and hold unit 12 is in
the holding state.
[0054] In some embodiments, the current acquisition
and control unit 13 is configured to receive a synchroni-
zation signal ("sync signal" for short) and judge whether
or not the sample and hold unit 12 is in the holding state
based on the sync signal. The period of the sync signal
is 1/N of the period of the first pulsating waveform, where
N is an integer greater than or equal to one.
[0055] Since the current of the first pulsating waveform
is periodically changed, the time interval between the
sampling state and holding state of the sample and hold
unit 12 is related to the period of the current of the first
pulsating waveform (the time interval may be 1/2 of the
period of the current of the first pulsating waveform).
Based on this, embodiments introduce a sync signal hav-
ing a specific relationship with the period of the first pul-
sating waveform (that is, the period of the sync signal is
1/N of the period of the first pulsating waveform), and
judge the operating state of the sample and hold unit 12
based on the sync signal. For example, the relationship
between the period and/or phase of the first pulsating
waveform and the sync signal may be used to determine
whether the first pulsating waveform is at the peak or
falling edge. If the first pulsating waveform is at the peak
or falling edge, the sample and hold unit 12 is in the hold-
ing state. Whether or not the first pulsating waveform is
at the peak or falling edge may refer to whether or not
the first pulsating waveform is at the peak or falling edge
of the first pulsating waveform. Alternatively, whether or
not the first pulsating waveform is at the peak or falling
edge may refer to whether or not the output current of
the second adapter is at the peak or falling edge of the
first pulsating waveform, or whether or not the output
current of the second adapter is a current corresponding
to the peak or falling edge of the first pulsating waveform.
[0056] As one implementation, the period of the first
pulsating waveform is the same as the period of the sync
signal. In addition, as another implementation, the first
pulsating waveform can be in phase with the sync signal.
In detail, the first pulsating waveform is at the rising edge
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when the sync signal is at the rising edge, and the first
pulsating waveform is at the peak or falling edge when
the sync signal is at the peak or falling edge. Since the
sample and hold unit 12 is in the holding state when the
first pulsating waveform is at the peak or falling edge,
therefore, as long as it can judge when the sync signal
is at the peak or the falling edge, it is possible to judge
when the sample and hold unit 12 is in the holding state.
In other embodiments, the phase of the first pulsating
waveform may differ from the phase of the sync signal
by a fixed value, such as 90 degrees or 180 degrees. In
this case, it is also possible to determine when the first
pulsating waveform is at the peak or falling edge based
on the relationship between the period and the phase
between the first pulsating waveform and the sync signal,
and then it is possible to determine when the sample and
hold unit 12 is in the holding state.
[0057] If the period of the sync signal is 1/2, 1/3, 1/4 of
that of the first pulsating waveform, it is also possible to
judge the operating state of the sample and hold unit 12
based on the relationship between the phase and the
period of the sync signal and the first pulsating waveform.
As illustrated in FIG.5, the waveform of the sync signal
is indicated by a solid line, and the waveform of the first
pulsating waveform is indicated by a dotted line. The pe-
riod of the sync signal is 1/2 of the period of the first
pulsating waveform, and when the sync signal is in the
negative half cycle, the first pulsating waveform is at the
peak or falling edge and the sample and hold unit 12 is
in the holding state. Therefore, it is only necessary to
determine when the waveform of the sync signal is in the
negative half cycle to determine when the first pulsating
waveform is at the peak or falling edge. Other similar
cases will not be enumerated here.
[0058] The sync signal may be a sync signal of a pul-
sating waveform or a sync signal of a triangular wave-
form, and may be other types of sync signals. The present
embodiment is not particularly limited thereto.
[0059] The acquisition method of the sync signal is not
particularly limited, and some acquisition methods are
given below in connection with embodiments.
[0060] In some embodiments, the current acquisition
and control 13 is connected to the power conversion unit
11 to acquire the sync signal from the power conversion
unit 11.
[0061] It should be noted that, the sync signal acquired
from the power conversion unit 11 can be at least one
selected from a group consisting of : an AC signal re-
ceived by the power conversion unit 11, a current/voltage
signal obtained after the primary rectification of the power
conversion unit 11, a current/voltage signal coupled to a
secondary side from a primary side of the power conver-
sion unit 11, a current/voltage signal obtained after the
secondary rectification, and the present disclosure is not
limited thereto.
[0062] As one implementation, as illustrated in FIG.6,
the power conversion unit 11 may include a primary unit
18 and a secondary unit 19. The current acquisition and

control unit 13 is connected to the secondary unit 19,
from which the sync signal will be acquired.
[0063] It will be understood that there are a variety of
ways to obtain a sync signal from the secondary unit 19.
For example, the sync signal may be acquired directly
from the bus (VBUS) of the secondary unit 19. Since the
second adapter 10 outputs a current of the first pulsating
waveform and an output end of the second adapter 10
is connected to the bus of the secondary unit 19, the
current of the first pulsating waveform flows through the
bus of the secondary unit 19. Another example is illus-
trated in FIG.7, where the secondary unit 19 may include
a first rectification unit 20, which is connected to the cur-
rent acquisition and control unit 13. The first rectification
unit 20 is configured to rectify the current coupled to the
secondary unit 19 from the primary unit 18 to obtain a
voltage of the second pulsating waveform, and transmit
a signal of the voltage of the second pulsating waveform
as a sync signal to the current acquisition and control
unit 13.
[0064] The secondary unit 19 may contain a secondary
rectification unit. The secondary rectification unit and the
above-mentioned first rectification unit 20 may be two
independent rectification units. The secondary rectifica-
tion unit is used to rectify the current coupled to the sec-
ondary side from the primary side to obtain the output
current of the second adapter. The first rectification unit
is used to rectify the current coupled to the secondary
side from the primary side to obtain a sync signal. As
illustrated in FIG.21, a secondary rectification unit 39 is
illustrated. Both the secondary rectification unit 39 and
the first rectification unit 20 may be located on the side
adjacent to a secondary winding of the transformer T1,
to rectify the current that is coupled to the secondary side
from the primary side by the second adapter.
[0065] In some embodiments, as illustrated in FIG.8,
the power conversion unit 11 may include a primary unit
18 and a secondary unit 19. The current acquisition and
control unit 13 is connected to the primary unit 18 to ac-
quire a sync signal from the primary unit 18.
[0066] It will be understood that there are a variety of
ways to obtain a sync signal from the primary unit 18.
For example, the AC signal may be directly obtained from
the primary unit 18, and the AC signal may be transmitted
to the current acquisition and control unit 13 as the sync
signal. For example, the pulsating DC signal rectified by
the rectification circuit in the primary unit 18 may be sent
to the current acquisition and control unit 13 as the sync
signal.
[0067] As illustrated in Fig.9, the primary unit 18 recti-
fies the AC current to obtain a voltage of a third pulsating
waveform. The period of the third pulsating waveform is
the same as the period of the first pulsating waveform.
The primary unit 18 may couple the voltage of the third
pulsating waveform from the primary side of the second
adapter 10 to the secondary side via a optocoupler unit
21 to obtain a voltage of a fourth pulsating waveform,
and transmit the voltage of the fourth pulsating waveform
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as a sync signal to the current acquisition and control
unit 13. The optocoupler unit 21 may serve to isolate the
mutual interference between the primary side and the
secondary side. As an alternative, the primary unit 18
may also transmit the voltage of the third pulsating wave-
form directly to the current acquisition and control unit 13
without passing through the optocoupler unit 21, and em-
bodiments of the present disclosure are not particularly
limited thereto.
[0068] The method of obtaining the sync signal from
the power conversion unit 11 is described in detail with
reference to embodiments, however, the method for ob-
taining the sync signal is not limited thereto and other
methods are given below.
[0069] As one implementation, the current acquisition
and control unit 13 can acquire the sync signal from the
sample and hold unit 12.
[0070] The sample and hold unit 12 samples the output
current of the second adapter, i.e., the current of the first
pulsating waveform, to obtain a sampling current. The
sampling current, a sampling voltage corresponding to
the sampling current, or any other signal has a same
period and phase as the current of the first pulsating
waveform. The sampling current or the sampling voltage
as the sync signal can simplify the judgment logic of the
operating state of the sample and hold unit 12.
[0071] In general, the sample and hold unit 12 samples
the current of the first pulsating waveform to obtain a
sampling current and converts the sampling current into
a sampling voltage. The sampling voltage can indicate
the magnitude of the current of the first pulsating wave-
form. The sample and hold unit 12 may transmit the sam-
pling voltage to the current acquisition and control unit
13 as a sync signal. For example, the voltage signal out-
put from the output port (OUTPUT) of the galvanometer
of Fig.21 may be used as the sync signal.
[0072] The above describes the sync signal acquisition
method. Hereinafter, a method for judging based on a
sync signal whether or not the first pulsating waveform
is at the peak or falling edge is described in detail with
reference to embodiments.
[0073] In some embodiments, the current acquisition
and control unit 13 determines whether the first pulsating
waveform is at the peak or falling edge based on the sync
signal, and the peak value of the current of the first pul-
sating waveform held by the sample and hold unit 12 is
acquired in the case where it is judged that the first pul-
sating waveform is at the peak or the falling edge.
[0074] The sample and hold unit 12 can switch be-
tween the sampling state and the holding state based on
the charging and discharging of the capacitor. When the
first pulsating waveform is at the rising edge, the capac-
itor contained in the sample and hold unit 12 is in the
charging state, the voltage across the capacitor rises as
the current of the first pulsating waveform increases, and
at this time, the sample and hold unit 12 is in the sampling
state. When the first pulsating waveform is at the peak
or falling edge, the voltage across the capacitor does not

continue to rise, and at this time, the sample and hold
unit 12 is in the holding state. Therefore, it is possible to
determine when the sample and hold unit 12 is in the
holding state by judging when the first pulsating wave-
form is at the peak or the falling edge. Since the period
and phase of the sync signal have a fixed relationship
with the period and phase of the first pulsating waveform,
thus, it is possible to determine whether the first pulsating
waveform is at the peak or falling edge based on the
period and/or phase of the sync signal. For example,
when the phase of the sync signal is the same as the
phase of the first pulsating waveform, the first pulsating
waveform is at the peak or falling edge when the sync
signal is at the peak or falling edge. Another example,
the period of the sync signal is the same as the period
of the first pulsating waveform, meanwhile, the difference
between the phase of the sync signal and the phase of
the first pulsating waveform is half a period, in this case,
the first pulsating waveform is at the peak or falling edge
when the sync signal is at the rising edge.
[0075] There are several ways to detect the phase of
the sync signal. For example, the current or voltage of
the sync signal can be detected in real time by a galva-
nometer or a voltmeter to determine the phase of the
sync signal, and then it can be determined whether the
first pulsating waveform is at the peak or falling edge.
However, this implementation requires additional current
and voltage detection circuit, which is complex. Two com-
parator-based implementations are given below to com-
pare the voltage of the sync signal with a reference volt-
age to easily determine whether the first pulsating wave-
form is at the peak or falling edge.
[0076] In some embodiments, as illustrated in FIG.10,
the current acquisition and control unit 13 may include a
comparator 22 and a control unit 23. A first input end of
the comparator 22 is configured to receive the sync signal
and a second input end of the comparator 22 is config-
ured to receive a reference voltage. The control unit 23
is connected to an output end of the comparator 22 and
is configured to determine whether or not the first pulsat-
ing waveform is at the peak or falling edge based on a
comparison result of the voltage of the sync signal and
the reference voltage. In some embodiments, the first
input end is an in-phase input end of the comparator and
the second input end is a reversed-phase input end of
the comparator. In other embodiments, the first input end
is the reversed-phase input end of the comparator and
the second input end is the in-phase input end of the
comparator.
[0077] It is to be understood that the manner in which
the voltage value of the reference voltage is selected is
not particularly limited. Assuming that the sync signal is
a pulsating waveform signal at a zero-crossing point, the
voltage value of the reference voltage can be set to be
greater than zero and less than the peak value of the
sync signal. Assuming that the sync signal is an AC sig-
nal, the voltage value of the reference voltage can be set
as zero.
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[0078] In addition, there are several ways to determine
whether the first pulsating waveform is at the peak or the
falling edge based on the comparison between the volt-
age of the sync signal and the reference voltage, which
may be related to the period and phase of the sync signal
and the period and phase of the first pulsating waveform,
and embodiments of the present disclosure is not spe-
cifically limited. In the following, the manner in which the
peak or the falling edge of the first pulsating waveform
is determined will be exemplified below in conjunction
with FIG.11 and FIG.12, where the period of the sync
signal is the same as the period of the first pulsating wave-
form. In implementations of FIG.11 and FIG.12, the cur-
rent acquisition and control unit 13 acquires, in each pe-
riod of the first pulsating waveform, the peak value of the
current of the first pulsating waveform held by the sample
and hold unit. After the acquisition is completed, the cur-
rent acquisition and control unit 13 immediately supplies
a control voltage to a MOS transistor in the discharging
unit, which is configured to control the MOS transistor in
the discharging unit to switch on, so that the charge
across the capacitor in the sample and hold unit 12 can
be released. Fig.11 and Fig.12 are merely illustrative and
the embodiments of the present disclosure are not limited
thereto. For example, the current acquisition and control
unit 13 may acquire the peak value of the current of the
first pulsating waveform at intervals of multiple periods.
In addition, the discharging unit may be implemented in
a manner other than the MOS transistor, and other types
of switching elements may be used to switch on or off
the discharging unit.
[0079] In the embodiment of FIG.11, the sync signal
and the first pulsating waveform (the first pulsating wave-
form is a pulsating waveform after a peak clipping proc-
ess) are in phase. As can be seen from FIG.11, since
the sync signal and the first pulsating waveform are in
phase, the first pulsating waveform is also at the peak or
falling edge when the sync signal is at the peak or falling
edge. Therefore, it is possible to know when the first pul-
sating waveform is at the peak or the falling edge as long
as it has been determined when the sync signal is at the
peak or falling edge of the waveform of the sync signal.
[0080] Further, in order to determine when the sync
signal is at the peak or falling edge, the embodiment of
FIG.11 introduces waveform output from the comparator.
The comparator compares the voltage value of the sync
signal and the reference voltage to obtain a voltage curve
of an output level of the comparator, that is, the rectan-
gular wave as illustrated in FIG.11. From the rectangular
wave, it can be seen that when the output level of the
comparator is switched from the high level to the low level
(hereinafter referred to as "target time"), the first pulsating
waveform is at the falling edge. At this time, the capacitor
in the sample and hold unit 12 is in the holding state.
Thus, the embodiment takes the target time as the peak
sampling point, and controls the current acquisition and
control unit 13 to acquire the voltage across the capacitor
in the sample and hold unit 12 to obtain the peak value

of the current of the first pulsating waveform. Immediately
after acquiring the peak value of the current of the first
pulsating waveform, the MOS transistor in the discharg-
ing unit is controlled to be switched on, so that the charge
across the capacitor in the sample and hold unit 12 is
released to prepare for the next cycle of acquisition.
[0081] In the embodiment of FIG.12, the phase differ-
ence between the sync signal and the first pulsating
waveform is 180°, and the first pulsating waveform is a
pulsating waveform after the peak clipping process. As
can be seen from FIG.12, since the phase difference be-
tween the sync signal and the first pulsating waveform
is 180°, the first pulsating waveform is at the peak or
falling edge when the sync signal is at the peak or rising
edge. Therefore, as long as it is determined when the
sync signal is at the peak or rising edge, it is possible to
know when the first pulsating waveform is at the peak or
falling edge.
[0082] Further, in order to determine when the sync
signal is at the peak or rising edge, the embodiment of
FIG.12 introduces waveform output from the comparator.
The comparator compares the voltage value of the sync
signal and the reference voltage to obtain a voltage curve
of the output level of the comparator, that is, the rectan-
gular wave as illustrated in FIG.12. From the rectangular
wave, it can be seen that when the output level of the
comparator is switched from the low level to the high level
(hereinafter referred to as "target time"), the first pulsating
waveform is at the falling edge. At this time, the capacitor
in the sample and hold unit 12 is in the holding state.
Thus, the embodiment takes the target time as the peak
sampling point, and controls the current acquisition and
control unit 13 to acquire the voltage across the capacitor
in the sample and hold unit 12 to obtain the peak value
of the current of the first pulsating waveform. Immediately
after acquiring the peak value of the current of the first
pulsating waveform, the MOS transistor in the discharg-
ing unit is controlled to be switched on, so that the charge
across the capacitor in the sample and hold unit 12 is
released to prepare for the next cycle of acquisition.
[0083] In other embodiments, as illustrated in FIG.13,
the current acquisition and control unit 13 may include a
comparison unit 24 and a control unit 25. The comparison
unit 24 may include a capacitor 26 and a comparator 27.
The capacitor 26 is configured to receive the sync signal
and filter out the DC signal in the sync signal to obtain a
zero-crossing point AC signal. The comparator 27 has a
first input end connected to the capacitor 26 to receive
the AC signal. The comparator 27 has a second input
end configured to receive the reference voltage. The
comparator 27 is configured to compare the voltage of
the AC signal with the reference voltage. The control unit
25 is connected to the output end of the comparator 27,
and determines whether or not the first pulsating wave-
form is at the peak or falling edge based on the compar-
ison result of the voltage of the AC signal and the refer-
ence voltage. As one implementation, the voltage value
of the reference voltage can be set to zero. As one im-
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plementation, the first input end is the in-phase input end
of the comparator and the second input end is the re-
versed-phase input end of the comparator. In other em-
bodiments, the first input end is the reversed-phase input
end of the comparator and the second input end is the
in-phase input end of the comparator.
[0084] The signal of the pulsating waveform can be
regarded as a signal obtained by mixing a DC signal (or
a DC component) and a zero-crossing AC signal (or an
AC component), for example, in which the sync signal is
a pulsating waveform signal. The capacitor 26 can filter
out the DC signal in the pulsating waveform signal, leav-
ing the zero-crossing point AC signal. In this implemen-
tation, the reference voltage of the comparator 27 can
be set to zero (for example, the second input end of the
comparator is grounded) to easily determine the phase
of the sync signal.
[0085] In the embodiment of the present disclosure,
there can be a plurality of ways to determine, based on
the AC signal and the reference voltage, whether the first
pulsating waveform is at the peak or falling edge and
whether the sync signal is at the peak or falling edge,
which are related to the period and phase of the AC signal
and the period and phase of the first pulsating waveform.
The method of judgment is similar to that described in
FIG.11 and FIG.12 and therefore is not described here
in detail.
[0086] The manner in which the current peak value of
the first pulsating waveform is obtained is described in
detail above. The method for controlling the charging
process based on the peak value of the current of the
acquired first pulsating waveform is described in detail
below in connection with embodiments.
[0087] In some embodiments, the second adapter 10
may also include a voltage adjustment unit 28, as illus-
trated in FIG.14. The voltage adjustment unit 28 is con-
nected to the power conversion unit 11 and is configured
to detect and adjust the output voltage of the second
adapter 10. The current acquisition and control unit 13
is connected to the voltage adjustment unit 28 and is
configured to adjust the peak value of the current of the
first pulsating waveform via the voltage adjustment unit
28.
[0088] It will be appreciated that the most basic func-
tion of the voltage adjustment unit 28 is to achieve the
adjustment of the output voltage of the second adapter.
Specifically, the voltage adjustment unit 28 may detect
and adjust the output voltage of the second adapter 10
through the power conversion unit 11. In other words,
the voltage adjustment unit 28 and the power conversion
unit 11 form a feedback control system for the output
voltage of the second adapter, which may also be re-
ferred to as a voltage feedback loop. It will be appreciated
that in the case when the output power of the second
adapter is constant, the adjustment of the voltage will
also cause a change in current. Therefore, the current
acquisition and control unit 13 of the embodiment of the
present disclosure can adjust the current by using the

voltage feedback loop after acquiring the peak value of
the current of the first pulsating waveform. For example,
the current acquisition and control unit 13 may calculate,
by software, the target value of the output voltage of the
second adapter 10 when the peak value of the current
of the first pulsating waveform is adjusted to a target peak
value, if it is desired to adjust the current peak to the
target peak after acquiring the peak value of the current
of the first pulsating waveform. Thereafter, the output
voltage of the second adapter 10 can be adjusted to the
calculated target value by means of the voltage feedback
loop.
[0089] The current acquisition and control unit 13 and
the voltage feedback loop of the embodiment of the
present disclosure form a feedback control system for
the peak value of the output current of the second adapt-
er. The feedback control system may also be referred to
as a current feedback loop. That is, embodiments of the
present disclosure include both a voltage feedback loop
(implemented by hardware) and a current feedback loop
(based on the voltage feedback loop, implemented by
software), such that the second adapter can achieve the
control of the output voltage of the second adapter and
also the control of the output current of the second adapt-
er, which enriches the function of the second adapter and
improves the intelligence level of the second adapter.
[0090] The current acquisition and control unit 13 may
adjust the peak value of the current of the first pulsating
waveform through the voltage adjustment unit 28 in a
variety of ways. Hereinafter, examples will be given with
reference to FIG.15 and FIG.17.
[0091] In some embodiments, the voltage adjustment
unit 28 may include a voltage sampling unit 29, a voltage
comparison unit 30, and a voltage control unit 31, as il-
lustrated in FIG.15. The voltage sampling unit 29 is con-
nected to the power conversion unit 11 for sampling the
output voltage of the second adapter 10 to obtain a first
voltage. The voltage comparison unit 30 has an input end
connected to the voltage sampling unit 29 for comparing
the first voltage and a first reference voltage. The voltage
control unit 31 has an input end connected to an output
end of the voltage comparison unit 30. The voltage con-
trol unit 31has an output end connected to the power
conversion unit 11. The voltage control unit 31 controls
the output voltage of the second adapter 10 based on
the comparison result of the first voltage and the first
reference voltage. The current acquisition and control
unit 13 is connected to the voltage comparison unit 30
to adjust the peak value of the current of the first pulsating
waveform by adjusting the voltage value of the first ref-
erence voltage.
[0092] In particular, an input end of the voltage sam-
pling unit 29 may be connected to the bus (VBUS) of the
second adapter to acquire the output voltage of the sec-
ond adapter. In some embodiments, the voltage sam-
pling unit 29 may be a traverse. As a result, the first volt-
age sampled by the voltage sampling unit 29 is the output
voltage of the second adapter. In other embodiments,
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the voltage sampling unit 29 may include two resistors
for voltage division. In this way, the first voltage sampled
by the voltage sampling unit 29 is the voltage obtained
after voltage division of the two resistors. The voltage
comparison unit 30 may be implemented by an opera-
tional amplifier ("OP AMP" for short). The OP AMP has
one input end configured to receive the first voltage input
by the voltage sampling unit 29 and the other input end
configured to receive the first reference voltage. An out-
put end of the OP AMP generates a voltage feedback
signal to indicate whether the first voltage and the first
reference voltage are equal. The voltage control unit 31
may be implemented based on an optocoupler, a PWM
controller, or other devices and adjust the output voltage
of the second adapter based on the voltage feedback
signal provided by the voltage comparison unit 30. The
current acquisition and control unit 13 may calculate a
desired value of the output voltage of the second adapter
based on the desired value of the peak value of the cur-
rent of the first pulsating waveform in the case when the
output power of the second adapter is constant. Then,
the output voltage of the second adapter is adjusted to
the desired value of the output voltage of the second
adapter by adjusting the voltage value of the first refer-
ence voltage, thereby adjusting the peak value of the
current of the first pulsating waveform to the desired value
of the peak value of the current of the first pulsating wave-
form.
[0093] The current acquisition and control unit 13 may
adjust the voltage value of the first reference voltage in
a plurality of ways. As one implementation, as illustrated
in FIG.16, the current acquisition and control unit 13 may
include a control unit 32 and a digital to analog converter
(DAC) 33. An input end of the DAC 33 is connected to
the control unit 32, and an output end of the DAC 33 is
connected to the voltage comparison unit 30. The control
unit 32 adjusts the voltage value of the first reference
voltage via the DAC 33 to adjust the peak value of the
current of the first pulsating waveform. As another imple-
mentation, the control unit 32 may also achieve the ad-
justment of the voltage value of the first reference voltage
by means of a RC unit, a digital potentiometer or the like,
the embodiments of the present disclosure are not par-
ticularly limited thereto.
[0094] In some embodiments, the voltage adjustment
unit 28 may include a voltage division unit 34, a voltage
comparison unit 30, and a voltage control unit 31, as il-
lustrated in FIG.17. An input end of the voltage division
unit 34 is connected to the power conversion unit 11, and
is configured to divide the output voltage of the second
adapter 10 by a voltage division ratio to generate a sec-
ond voltage. An input end of the voltage comparison unit
30 is connected to an output end of the voltage division
unit 34, and is configured to compare the second voltage
with a second reference voltage. An input end of the volt-
age control unit 31 is connected to the input end of the
voltage comparison unit 30. An output end of the voltage
control unit 31 is connected to the power conversion unit

11. The voltage control unit 31 controls the output voltage
of the second adapter 10 based on the comparison result
between the second voltage and the second reference
voltage. The current acquisition and control unit 13 is
connected to the voltage comparison unit 30, and the
peak value of the current of the first pulsating waveform
is adjusted by adjusting a voltage division ratio.
[0095] This embodiment is similar to the embodiment
of FIG.15 except that a voltage division unit is provided.
The voltage division ratio of the voltage division unit is
adjustable. Instead of adjusting the peak value of the
current of the first pulsating waveform by adjusting the
reference voltage of the voltage comparison unit 30, the
current acquisition and control unit 13 in the embodiment
adjusts the peak value of the current of the first pulsating
waveform by adjusting the voltage division ratio of the
voltage division unit 34.With aid of the voltage division
unit, sampling of the output voltage of the second adapter
and adjustment of the peak value of the current of the
first pulsating waveform are achieved, and the circuit
structure of the second adapter is simplified.
[0096] It is to be understood that since the embodiment
adjusts the peak value of the current of the first pulsating
waveform by adjusting the voltage division ratio of the
voltage division unit, the reference voltage (i.e., the sec-
ond reference voltage mentioned above) of the voltage
comparison unit in the embodiment can be a fixed value.
[0097] The voltage division unit 34 of the embodiment
can be implemented in various ways. For example, a
digital potentiometer, discrete resistors, switches and
other components can be adopted to achieve the above-
mentioned voltage division function and voltage division
ratio adjustment function.
[0098] Take the digital potentiometer as an example
for illustrating. As illustrated in FIG.18, the current acqui-
sition and control unit 13 includes a control unit 32, and
the voltage division unit 34 includes a digital potentiom-
eter 35. A high potential side of the digital potentiometer
35 is connected to the power conversion unit 11. A low
potential side of the digital potentiometer 35 is grounded.
An output end of the digital potentiometer 35 is connected
to the voltage comparison unit 30. The control unit 32 is
connected to a control end of the digital potentiometer
35 and adjusts the voltage division ratio of the digital po-
tentiometer 35 via the control end of the digital potenti-
ometer 35, so as to adjust the peak value of the current
of the first pulsating waveform.
[0099] In some embodiments, the second adapter 10
is operable in a first charging mode and a second charg-
ing mode. When the second adapter 10 charges the de-
vice to be charged (such as a terminal), the charging
speed of the second charging mode is faster than the
charging speed of the first charging mode. The current
of the first pulsating waveform can be the output current
of the second adapter in the second charging mode. In
other words, compared with the situation where the sec-
ond adapter 10 operates in the first charging mode, the
second adapter 10 operating in the second charging
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mode takes less time to fully charge a battery with the
same capacity in a device to be charged (such as a ter-
minal).
[0100] The second adapter 10 includes a control unit.
The control unit performs two-way communication (in
other words, bidirectional communication) with the de-
vice to be charged (e.g., a terminal) during the connection
of the second adapter 10 to the device to be charged
(e.g., a terminal) to control the charging process of the
second charging mode. The control unit may be a control
unit in any of the embodiments described above, such
as a control unit in a first adjustment unit, or a control unit
in a second adjustment unit.
[0101] The first charging mode may be a normal charg-
ing mode, while the second charging mode may be a
quick charging mode. By the normal charging mode, it
means that the second adapter outputs a relatively small
current value (often below 2.5A) or charges the battery
of the device to be charged (e.g., a terminal) with a rel-
atively small power (often less than 15W). Thus to fully
charge a relatively large capacity battery, such as a bat-
tery having a capacity of 3000 mAh, under the normal
charging mode, it may take a few hours. By contrast, in
the quick charging mode, the second adapter can output
a comparatively large current (often larger than 2.5A,
e.g., 4.5A, 5A, or even higher) or charges the battery of
the device to be charged (e.g., a terminal) with a relatively
large power (often greater than or equal to 15W). There-
fore, compared with the normal charging mode, the time
required for the second adapter to fully charge a battery
of the same capacity under the quick charging mode can
be significantly shortened, resulting in a faster charging
speed.
[0102] In the embodiments of the present disclosure,
communication contents communicated between the
control unit of the second adapter and the device to be
charged (e.g., a terminal) as well as a control mode by
which the control unit controls the second adapter to out-
put in the second charging mode will not be limited. For
example, the control unit may communicate with the de-
vice to be charged (e.g., a terminal) to interchange the
present voltage or the present power of the battery of the
device to be charged (e.g., a terminal), and further adjust
the output voltage or output current of the second adapter
based on the present voltage or the current power of the
battery. Hereinafter the communication contents be-
tween the control unit and the device to be charged (e.g.,
a terminal) together with the control mode by which the
control unit controls the second adapter to output in the
second charging mode will be described in detail in con-
nection with embodiments.
[0103] In some embodiments, the control unit may per-
form two-way communication with the device to be
charged (e.g., a terminal) to control the second adapter
to output in the second charging mode. In detail, the con-
trol unit may perform two-way communication with the
device to be charged (e.g., a terminal) to negotiate a
charging mode therebetween.

[0104] In some embodiments, the second adapter will
not indiscriminately use the second charging mode to
quick charge the device to be charged (e.g., a terminal)
but instead will perform two-way communication with the
device to be charged (e.g., a terminal) to negotiate wheth-
er the second adapter is approved to use the second
charging mode to quick charge the device to be charged
(e.g., a terminal) so as to improve the safety of the charg-
ing process.
[0105] In one implementation, the control unit may per-
form two-way communication with the device to be
charged (e.g., a terminal) to negotiate the charging mode
between the second adapter and the device to be
charged in the following manners. The control unit may
send a first instruction to the device to be charged (e.g.,
a terminal). The first instruction can be configured to in-
quire the device to be charged (e.g., a terminal) whether
to enable the second charging mode. The control unit
may then receive from the device to be charged (e.g., a
terminal) a reply instruction responsive to the first instruc-
tion. The reply instruction responsive to the first instruc-
tion is configured to indicate whether the device to be
charged (e.g., a terminal) agrees to enable the second
charging mode. If the device to be charged (e.g., a ter-
minal) agrees to enable the second charging mode, the
control unit would use the second charging mode to
charge the device to be charged, e.g., a terminal.
[0106] The above description, however, will not limit
the master-slave relations between the second adapter
(or the control unit of the second adapter) and the device
to be charged, e.g., a terminal. In other words, either the
control unit or the device to be charged (e.g., a terminal)
may act as the master device to initiate a two-way com-
munication session, and accordingly the other side may
act as the slave device to make a first response or first
reply to the communication initiated by the master device.
As a possible implementation, during the communication
process their roles of master device and slave device
may be determined by comparing the electrical levels at
the second adapter side and at the device to be charged
(e.g., a terminal) side respectively relative to the earth.
[0107] In the embodiments of the present disclosure,
the implementation of the two-way communication be-
tween the second adapter (or the control unit of the sec-
ond adapter) and the device to be charged (e.g., a ter-
minal) is not limited. That is, either of the second adapter
(or the control unit of the second adapter) and the device
to be charged (e.g., a terminal) may act as the master
device to initiate a communication session, and accord-
ingly the other side may act as the slave device to make
a first response or first reply to the communication ses-
sion initiated by the master device. In addition, the master
device may make a second response to the first response
or first reply from the slave device, and hitherto one cycle
of charging mode negotiation process between the mas-
ter device and the slave device would be regarded to
complete. In a possible implementation, the master de-
vice and slave device may perform multiple cycles of

23 24 



EP 3 282 551 B1

14

5

10

15

20

25

30

35

40

45

50

55

charging mode negotiations before executing the charg-
ing operation therebetween, so as to ensure that the
charging process subsequent to the negotiation could be
safely and reliably carried out.
[0108] An example in which the master device makes
the second response to the slave device’s first response
or first reply with respect to the communication session
may as follows. That is, the master device may receive
from the slave device its first response or first reply to
the communication session, and accordingly make a tar-
geted second response to the first response or first reply.
By way of example, when the master device receives
within a predetermined length of time from the slave de-
vice its first response or first reply with respect to the
communication session, the master device may make
the second response targeted at the first response or first
reply from the slave device as follows. That is, the master
device and the slave device may perform one cycle of
charging mode negotiation before they execute the
charging operation in accordance with the first charging
mode or the second charging mode according to a result
of the negotiation, namely the second adapter may op-
erate in the first charging mode or the second charging
mode according to the negotiation result to charge the
device to be charged, e.g., a terminal.
[0109] Another example in which the master device
makes the further second response to the slave device’s
first response or first reply with respect to the communi-
cation session may as follows. That is, the mater device
may not receive the slave device’s first response or first
reply to the communication session within a predeter-
mined length of time, but the master device may still make
a targeted second response to the first response or first
reply from the slave device. For example, when the mater
device does not receive the slave device’s first response
or first reply to the communication session within the pre-
determined length of time, the master device may still
make the second response targeted at the first response
or first reply received from the slave device as follows.
That is, the master device and the slave device may per-
form one cycle of charging mode negotiation before they
execute the charging operation in accordance with the
first charging mode, namely the second adapter may op-
erate in the first charging mode to charge the device to
be charged, e.g., a terminal.
[0110] In some embodiments, optionally, when the de-
vice to be charged (e.g., a terminal) initiates a commu-
nication session acting as the master device and the sec-
ond adapter (or the control unit of the second adapter)
acts as the slave device to offer a first response or first
reply to the communication session initiated by the mas-
ter device, the second adapter (or the control unit of the
second adapter) and the device to be charged (e.g., a
terminal) may be considered to have completed one cy-
cle of charging mode negotiation without the device to
be charged (e.g., a terminal) making the targeted second
response to the first response or first reply from the sec-
ond adapter. Consequently, the second adapter would

determine to charge the device to be charged (e.g., a
terminal) using the first charging mode or the second
charging mode according to the negotiation result.
[0111] In some embodiments, optionally, the control
unit may perform two-way communication with the device
to be charged (e.g., a terminal) to control the second
adapter to output in the second charging mode in the
following manners. The control unit may perform two-
way communication with the device to be charged (e.g.,
a terminal) to determine the output charging voltage of
the second adapter in the second charging mode that is
used to charge the device to be charged (e.g., a terminal).
The control unit may adjust the output voltage of the sec-
ond adapter to be equal to the output charging voltage
of the second adapter in the second charging mode that
is used to charge the device to be charged (e.g., a ter-
minal).
[0112] As one implementation, the control unit may
perform two-way communication with the device to be
charged (e.g., a terminal) to determine the charging volt-
age that is output from the second adapter and is used
to charge the device to be charged in the second charging
mode can be as follows. The control unit may send to
the device to be charged (e.g., a terminal) a second in-
struction inquiring whether the output voltage of the sec-
ond adapter matches the present voltage of the battery
of the device to be charged (e.g., a terminal). The control
unit may receive from the device to be charged (e.g., a
terminal) a reply instruction responsive to the second in-
struction, that may be configured to indicate whether the
output voltage of the second adapter is matching, higher,
or lower with respect to the present voltage of the battery.
Alternatively, the second instruction may be configured
to inquire whether the present output voltage of the sec-
ond adapter is suitable as the output charging voltage of
the second adapter for charging the device to be charged
(e.g., a terminal) in the second charging mode, while the
reply instruction responsive to the second instruction may
be configured to indicate whether the present output volt-
age of the second adapter is matching, high, or low. That
the present output voltage of the second adapter match-
es the present voltage of the battery or is suitable as the
second adapter’s output charging voltage in the second
charging mode for charging the device to be charged
(e.g., a terminal) can mean that the present output volt-
age of the second adapter is slighter higher than the
present voltage of the battery and the difference between
the output voltage of the second adapter and the present
voltage of the battery is within a predetermined range,
usually on the order of several hundred millivolts.
[0113] In some embodiments, the control unit may per-
form two-way communication with the device to be
charged (e.g., a terminal) to control the charging process
of the second adapter in the second charging mode in
the following manners. The control unit may perform two-
way communication with the device to be charged (e.g.,
a terminal) to determine the charging current that is out-
put by the second adapter in the second charging mode
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and is used to charge the device to be charged (e.g., a
terminal). The control unit may adjust the peak value of
the current of the first pulsating waveform to be equal to
the charging current that is output by the second adapter
in the second charging mode and is used to charge the
device to be charged (e.g., a terminal).
[0114] In one implementation, the control unit performs
two-way communication with the device to be charged
(e.g., a terminal) to determine the charging current that
is output from the second adapter and is used to charge
the device to be charged in the second charging mode
can be as follows. The control unit may send a third in-
struction to the device to be charged (e.g., a terminal) to
inquire about the maximum charging current that is cur-
rently supported by the device to be charged (e.g., a ter-
minal). The control unit may receive from the device to
be charged (e.g., a terminal) a reply instruction respon-
sive to the third instruction; the reply instruction respon-
sive to the third instruction is configured to indicate the
maximum charging current currently supported by the
device to be charged (e.g., a terminal). The control unit
may then determine the charging current that is output
by the second adapter in the second charging mode and
is used to charge the device to be charged (e.g., a ter-
minal) based on the maximum charging current currently
supported by device to be charged (e.g., a terminal). It
will be appreciated that the control unit may determine
the charging current that is output by the second adapter
in the second charging mode and is used to charge the
device to be charged (e.g., a terminal) based on the cur-
rently supported maximum charging current of the device
to be charged (e.g., a terminal) in various manners. For
example, the second adapter may determine the current-
ly supported maximum charging current of the device to
be charged (e.g., a terminal) as the second adapter’s
output charging current in the second charging mode that
is used to charge the device to be charged (e.g., a ter-
minal) or otherwise may take into consideration factors
including the maximum charging current currently sup-
ported by the device to be charged (e.g., a terminal) and
the electric current output capability of the second adapt-
er per se before determining its output charging current
in the second charging mode that is used to charge the
device to be charged (e.g., a terminal).
[0115] In some embodiments, the control unit may per-
form two-way communication with the device to be
charged (e.g., a terminal) to control the second adapter
to output in the second charging mode in the following
manner. That is, when the second adapter charges the
device to be charged (e.g., a terminal) using the second
charging mode, the control unit may perform two-way
communication with the device to be charged (e.g., a
terminal) to adjust the peak value of the current of the
first pulsating waveform.
[0116] As one implementation, the process that the
control unit performs two-way communication with the
device to be charged (e.g., terminal) to adjust the peak
value of the current of the first pulsating waveform may

include the following operations. The control unit may
send a fourth instruction to the device to be charged (e.g.,
a terminal) to inquire about the present voltage of the
battery of the device to be charged (e.g., a terminal). The
control unit may receive from the second adapter a reply
instruction responsive to the fourth instruction; the reply
instruction responsive to the fourth instruction may be
configured to indicate the present voltage of the battery.
Accordingly, the control unit may adjust the peak value
of the current of the first pulsating waveform based on
the present voltage of the battery.
[0117] In some embodiments, the second adapter 10
may include a charging interface 191, as illustrated in
FIG.19A. Further, in some embodiments, the control unit
(e.g., the MCU illustrated in FIG.21) in the second adapter
10 may perform two-way communication with the device
to be charged (e.g., a terminal) via a data line 192 dis-
posed in the charging interface 191.
[0118] In some embodiments, optionally, the control
unit may perform two-way communication with the device
to be charged (e.g., a terminal) to control the second
adapter to output in the second charging mode in the
following manner. That is, the control unit may perform
two-way communication with the device to be charged
(e.g., a terminal) to determine whether the charging in-
terface is in a poor contact.
[0119] As one implementation, the control unit may
perform two-way communication with the device to be
charged (e.g., a terminal) to determine whether the
charging interface is in a poor contact in the following
manners. The control unit may send a fourth instruction
to the device to be charged (e.g., a terminal) to inquire
about the present voltage of the battery of the device to
be charged, e.g., a terminal. The control unit may receive
from the device to be charged (e.g., a terminal) a reply
instruction responsive to the fourth instruction; the reply
instruction responsive to the fourth instruction is config-
ured to indicate the present voltage of the battery of the
device to be charged (e.g., a terminal). Accordingly, the
control unit may determine whether the charging inter-
face is in a poor contact based on the output voltage of
the second adapter and the present voltage of the battery
of the device to be charged (e.g., a terminal). For exam-
ple, the control unit may determine that the difference
between the output voltage of the second adapter and
the present voltage of the device to be charged (e.g., a
terminal) is greater than a predetermined voltage thresh-
old, which may indicate that at this point the impedance
obtained by dividing the voltage difference by the current
output current value of the second adapter is larger than
a predetermined impedance threshold, and therefore the
charging interface will be determined as in a poor contact.
[0120] In some embodiments, whether the charging in-
terface is in a poor contact may alternatively be deter-
mined by the device to be charged (e.g., a terminal). In
particular, the device to be charged (e.g., a terminal) may
send a sixth instruction to the control unit to inquire about
the output voltage of the second adapter. The device to
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be charged (e.g., a terminal) may receive from the control
unit, a reply instruction responsive to the sixth instruction;
the reply instruction responsive to the sixth instruction is
configured to indicate the output voltage of the second
adapter. Accordingly, the device to be charged (e.g., a
terminal) may determine whether the charging interface
is in a poor contact based on its current battery voltage
in combination with the output voltage of the second
adapter. After it determines that the charging interface is
in a poor contact, the device to be charged (e.g., a ter-
minal) may send a fifth instruction to the control unit to
indicate that the charging interface is in a poor contact.
The control unit may accordingly control the second
adapter to quit the second charging mode after receiving
the fifth instruction.
[0121] Hereinafter, the communication process be-
tween the control unit of the second adapter and the de-
vice to be charged (e.g., a terminal) will be described in
further detail with reference to FIG.19B. It however
should be noted that the example of FIG.19B is merely
intended for the purpose of assisting a person of skill in
the art in understanding the embodiments herein, rather
than limiting the embodiments to the specific numerical
values or scenarios described. It will be evident to those
of skill in the art that various modifications or variations
can be made based on the example illustrated in
FIG.19B, and all such modifications or variations shall all
fall in the scope of the embodiments.
[0122] Referring now to FIG.19B, the charging process
of the device to be charged (e.g., a terminal) via the output
of the second adapter in the second charging mode, may
include five stages as follows.

Stage 1

[0123] After it is connected to a power supply device,
the device to be charged (e.g., a terminal) may detect
the type of the power supply device through data lines
D+ and D-, and when the power supply device is detected
as a second adapter, the device to be charged (e.g., a
terminal) may receive a current larger than a predeter-
mined current threshold I2, e.g., 1A. When the control
unit of the second adapter detects that the output current
of the second adapter is greater than or equal to 12 for
a predetermined duration of time, e.g., a continuous pe-
riod of time T1, the control unit may assume that the
device to be charged (e.g., a terminal) has finished the
type identification of the power supply device. Thus, the
control unit may start a negotiation procedure between
the second adapter and the device to be charged (e.g.,
a terminal) and send Instruction 1 (corresponding to the
above first instruction) to the device to be charged (e.g.,
a terminal) to inquire of the device to be charged (e.g., a
terminal) whether it agrees to be charged by the second
adapter in the second charging mode.
[0124] When the control unit receives from the device
to be charged (e.g., a terminal) a reply instruction respon-
sive to Instruction 1, and the reply instruction responsive

to Instruction 1 indicates that the device to be charged
(e.g., a terminal) does not agree to be charged by the
second adapter in the second charging mode, then the
control unit may redetect the output current of the second
adapter. When the output current of the second adapter
is still greater than or equal to I2 in a predetermined con-
tinuous duration of time, e.g., the continuous period of
time T1, the control unit may again send another Instruc-
tion 1 to the device to be charged (e.g., a terminal) to
inquire whether it agrees to be charged by the second
adapter in the second charging mode. The control unit
may repeatedly perform the above operations of stage 1
until the device to be charged (e.g., a terminal) agrees
to be charged by the second adapter using the second
charging mode, or until the output current of the second
adapter no longer satisfies the condition of being greater
than or equal to 12.
[0125] When the device to be charged (e.g., a terminal)
agrees to be charged by the second adapter using the
second charging mode, the communication process may
proceed to a second stage.

Stage 2

[0126] The output voltage of the second adapter may
include multiple levels. The control unit may send Instruc-
tion 2 (corresponding to the above second instruction) to
the device to be charged (e.g., a terminal) to inquire
whether the output voltage, i.e., the current output volt-
age, of the second adapter matches the present voltage
of the battery of the device to be charged, e.g., a terminal.
[0127] The device to be charged (e.g., a terminal) may
send a reply instruction responsive to Instruction 2 to the
control unit to indicate that the output voltage of the sec-
ond adapter matches the present voltage of the battery
of the device to be charged, or is higher or lower than
the present voltage of the battery of the device to be
charged, e.g., a terminal. If the reply instruction respon-
sive to Instruction 2 indicates the output voltage of the
second adapter is high or low, the control unit may adjust
the output voltage of the second adapter by one level,
and then resend Instruction 2 to the device to be charged
(e.g., a terminal) to re-inquire whether the output voltage
of the second adapter matches the present voltage of
the battery of the device to be charged, e.g., a terminal.
The above operations of stage 2 will be repeatedly per-
formed until the device to be charged (e.g., a terminal)
replies that the output voltage of the second adapter
matches the present voltage of the battery of the device
to be charged (e.g., a terminal) and the communication
process will then proceed to a third stage.

Stage 3

[0128] The control unit may send Instruction 3 (corre-
sponding to the above third instruction) to the device to
be charged (e.g., a terminal) to inquire about the maxi-
mum charging current that is currently supported by the
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device to be charged, e.g., a terminal. The device to be
charged (e.g., a terminal) may send a reply instruction
responsive to Instruction 3 to the control unit to indicate
the currently supported maximum charging current of the
device to be charged, e.g., a terminal. The communica-
tion process will then proceed to a fourth stage.

Stage 4

[0129] The control unit may determine the charging
current that is output from the second adapter in the sec-
ond charging mode and is used to charge the device to
be charged (e.g., a terminal) based on the currently sup-
ported maximum charging current of the device to be
charged, e.g., a terminal. The communication process
will then continue to a fifth stage, i.e., the constant-current
charging stage.

Stage 5

[0130] After entering the constant-current charging
stage, the second adapter may send Instruction 4 (cor-
responding to the above fourth instruction) to the device
to be charged (e.g., a terminal) at regular intervals, to
inquire about the present voltage of the battery of the
device to be charged, e.g., a terminal. The device to be
charged (e.g., a terminal) may send a reply instruction
responsive to Instruction 4 to the control unit to feed back
the present voltage of the battery of the device to be
charged, e.g., a terminal. The control unit may determine
whether the charging interface is in a good contact and
whether the peak value of the current of the first pulsating
waveform needs to be reduced, based on the present
voltage of the battery of the device to be charged, e.g.,
a terminal. When it determines that the charging interface
is in a poor contact, the second adapter may send In-
struction 5 (corresponding to the above fifth instruction)
to the device to be charged (e.g., a terminal) and may
quit the second charging mode and then reset to re-enter
stage 1.
[0131] In some embodiments, the reply instruction re-
sponsive to Instruction 1 sent by the device to be charged
(e.g., a terminal) in stage 1 may carry the path impedance
data or information of the device to be charged, e.g., a
terminal. The path impedance data may be used to help
determine in stage 5 whether the charging interface is in
a good contact.
[0132] In some embodiments, in stage 2, the time it
takes from the point when the device to be charged (e.g.,
a terminal) agrees to be charged by the second adapter
in the second charging mode to the point when the control
unit adjusts the output voltage of the second adapter to
the suitable charging voltage can be controlled within a
certain range. If the time exceeds a predetermined range,
the second adapter or the device to be charged (e.g., a
terminal) may determine that the quick charging commu-
nication process is abnormal, and then may reset to re-
enter stage 1.

[0133] In some embodiments, when in stage 2 the out-
put voltage of the second adapter is higher than the
present voltage of the battery of the device to be charged
(e.g., a terminal) by ΔV, which can be set to the range of
200-500mV, the device to be charged (e.g., a terminal)
may send a reply instruction responsive to Instruction 2
to the control unit to indicate that the output voltage of
the second adapter matches the battery voltage of the
device to be charged, e.g., a terminal.
[0134] In some embodiments, optionally, in stage 4 the
adjustment speed of the output current of the second
adapter may be controlled within a certain range, so as
to avoid an excessive adjustment speed from causing
abnormal in the charging process of the device to be
charged (e.g., a terminal) through the output of the sec-
ond adapter in the second charging mode.
[0135] In some embodiments, the variation of the out-
put current of the second adapter in stage 5 may be con-
trolled within a degree of 5%.
[0136] In some embodiments, in stage 5, the control
unit can monitor the path impedance of a charging circuit
in real time. As one implementation, the control unit may
monitor the path impedance of the charging circuit based
on the output voltage and output current of the second
adapter, as well as the present voltage of the battery fed
back from the device to be charged, e.g., a terminal.
When the "path impedance of the charging circuit" is larg-
er than the sum of "the path impedance of the device to
be charged (e.g., a terminal)" and "the path impedance
of the charging cable", the charging interface may be
determined as in a poor contact, such that the second
adapter may stop charging the device to be charged (e.g.,
a terminal) in the second charging mode.
[0137] In some embodiments, after the second adapter
enables the second charging mode to charge the device
to be charged (e.g., a terminal), the communication time
intervals between the control unit and the device to be
charged (e.g., a terminal) can be controlled within a cer-
tain range, avoiding an exceedingly narrow communica-
tion interval from causing the communication process ab-
normal.
[0138] In some embodiments, the termination of the
charging process, or to be more specific, the termination
of the charging process of the device to be charged (e.g.,
a terminal) by the second adapter in the second charging
mode, may be divided into a recoverable termination and
an unrecoverable termination.
[0139] For example, when the battery of the device to
be charged (e.g., a terminal) is detected as being fully
charged or the charging interface is detected as in a poor
contact, the charging process may be terminated and the
charging communication process may be reset such that
the charging process may re-enter stage 1. Then the de-
vice to be charged (e.g., a terminal) would not agree to
be charged by the second adapter using the second
charging mode, and therefore, the communication proc-
ess will not proceed to stage 2. The termination of the
charging process in this case is regarded as an unrecov-
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erable termination.
[0140] In another example, when a communication ab-
normality occurs between the control unit and the device
to be charged (e.g., a terminal), the charging process
may be terminated, and the charging communication
process may be reset such that the charging process
may re-enter stage 1. After the requirements of stage 1
are satisfied, the device to be charged (e.g., a terminal)
may agree to be charged by the second adapter in the
second charging mode such that the charging process
is restored. The termination of the charging process in
this case may be regarded as a recoverable termination.
[0141] In yet another example, when the device to be
charged (e.g., a terminal) detects that the battery is mal-
functioning, the charging process may be terminated,
and the charging communication process would be reset
such that the charging process may re-enter stage 1.
Then the device to be charged (e.g., a terminal) may not
agree to be charged by the second adapter using the
second charging mode. When the battery returns to nor-
mal and the requirements of stage 1 are satisfied, the
device to be charged (e.g., a terminal) may then agree
to be charged by the second adapter with the second
charging mode. The termination of the quick charging
process in this case may be regarded as a recoverable
termination.
[0142] The above-described communication actions
or operations illustrated in FIG.19B are merely examples.
For example, in stage 1, after the device to be charged
(e.g., a terminal) is connected to the second adapter, the
handshaking communication between the device to be
charged (e.g., a terminal) and the control unit can also
be initiated by the device to be charged (e.g., a terminal),
namely the device to be charged (e.g., a terminal) may
send Instruction 1 to inquire the control unit whether to
enable the second charging mode. When the device to
be charged (e.g., a terminal) receives a reply instruction
from the control unit indicating that the control unit ap-
proves of the second adapter charging the device to be
charged (e.g., a terminal) in the second charging mode,
the second adapter may begin to charge the battery of
the device to be charged (e.g., a terminal) in the second
charging mode.
[0143] As another example, a constant-voltage charg-
ing stage may further be included subsequent to stage
5. In detail, in stage 5, the device to be charged (e.g., a
terminal) may feed back to the control unit its current
battery voltage. When the present voltage of the battery
reaches the constant-voltage charging voltage threshold,
the charging process would turn from the constant-cur-
rent charging stage to the constant-voltage charging
stage. In the constant-voltage charging stage, the charg-
ing current may gradually decrease and the entire charg-
ing process would be terminated when the charging cur-
rent drops to a certain threshold, indicating that the bat-
tery of the device to be charged (e.g., a terminal) has
been fully charged.
[0144] Furthermore, on basis of any of the above em-

bodiments, the second adapter 10 is operable in a first
charging mode and a second charging mode, as illus-
trated in FIG.20, where the speed of the second adapter
charging the device to be charged (e.g., a terminal) in
the second charging mode may be faster than that in the
first charging mode. The power conversion unit 11 may
include a secondary filter unit 37 while the second adapt-
er 10 may include a control unit 36 that is coupled to the
secondary filter unit 37. In the first charging mode, the
control unit 36 may control the secondary filter unit 37 to
operate to make the voltage value of the output voltage
of second adapter 10 stable. In the second charging
mode, the control unit 36 may control the secondary filter
unit 37 to stop operating such that the output current of
the second adapter 10 would become a current of the
first pulsating waveform.
[0145] In the embodiments, the control unit can control
the secondary filter unit to operate or not operate such
that the second adapter can output a common DC having
a constant current value or a pulsating DC having a var-
ying current value, thereby accommodating the conven-
tional charging mode.
[0146] In some embodiments, the second adapter can
directly apply the current of the first pulsating waveform
to both ends of the battery of the device to be charged
(e.g., a terminal) so as to direct-charge the battery.
[0147] The term "direct-charge" may refer to directly
applying the output voltage and output current of the sec-
ond adapter to both ends of the device to be charged
(e.g., a terminal) to charge the battery of the device to
be charged (e.g., a terminal) without the need of inter-
mediate conversion circuit to convert the output voltage
and output current of the second adapter, thus avoiding
energy loss caused by the conversion process. In order
to be able to adjust the charging voltage or charging cur-
rent on the charging circuit during the charging process
in the second charging mode, the second adapter can
be designed as an intelligent adapter to accomplish the
conversion of the charging voltage or charging current,
so as to reduce the burden on the device to be charged
(e.g., a terminal) and to reduce the amount of heat pro-
duced by the device to be charged (e.g., a terminal).
[0148] The second adapter 10 is operable in the con-
stant-current mode. The constant-current mode herein
refers to a charging mode that controls the output current
of the second adapter, and should not be interpreted as
requiring the output current of the second adapter remain
constant. In practice, the second adapter normally may
adopt a multi-stage constant-current manner for charging
under the constant-current mode.
[0149] The multi-stage constant-current charging may
include a number of N charging stages, where N is an
integer not smaller than two. The multi-stage constant-
current charging may begin with a first stage using a pre-
determined charging current. Of the N charging stages
of the multi-stage constant-current charging, the first
stage through the (N-1)th stage may be sequentially per-
formed, where when the charging turns from a previous
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charging stage to a next charging stage, the charging
current value may become smaller, and, in addition,
when the battery voltage reaches a corresponding charg-
ing cutoff voltage threshold, the charging may proceed
from the previous charging stage to the next charging
stage.
[0150] Further, in the case where the output current of
the second adapter is a pulsating DC, the constant-cur-
rent mode may refer to a charging mode in which the
peak or mean value of the pulsating DC is controlled,
namely the peak value of the output current of the second
adapter may be controlled to not exceed the correspond-
ing current of the constant-current mode.
[0151] Hereinafter, embodiments of the disclosure will
be described in more detail with examples. However, it
should be noted that the examples of FIG.21-FIG.22 are
merely intended for the purpose of assisting a person
skilled in the art in understanding the embodiments here-
in, rather than limiting the embodiments to specific nu-
merical values or scenarios described. It will be evident
to those skilled in the art that various modifications or
variations can be made based on the examples of
FIG.21-FIG.22, without departing from the spirit and
scope of the embodiments.
[0152] The second adapter may include a power con-
version unit (corresponding to the above power conver-
sion unit 11). As illustrated in FIG.21, the power conver-
sion unit may include an AC input end, a primary rectifi-
cation unit 38, a transformer T1, a secondary rectification
unit 39, and a first rectification unit 20.
[0153] The AC input end may have mains current (typ-
ically an AC current of 220V) input and then transfer the
mains current to the primary rectification unit 38.
[0154] The primary rectification unit 38 may be config-
ured to convert the mains current to a current of the sec-
ond pulsating waveform and transfer the second pulsat-
ing DC to the transformer T1. The primary rectification
unit 38 may be a bridge rectification unit, e.g., a full-bridge
rectification unit as illustrated in FIG.21, or a half-bridge
rectification unit, but the embodiments are not limited
thereto.
[0155] The transformer T1 may be configured to couple
the first pulsating DC from the primary side to the sec-
ondary side of the transformer. The transformer T1 may
be a normal transformer, or a high-frequency transformer
having an operating frequency in the range of 50KHz-
2MHz. The number and connection manner of primary
windings of the transformer T1 are related to the type of
a switching power supply used in the second adapter,
but they will not be limited herein. For example, the sec-
ond adapter may use a fly-back switching power supply,
as illustrated in FIG.21. The transformer’s primary wind-
ing may include one end coupled to the primary rectifi-
cation unit 38 and another end coupled to a switch that
is under control of a PWM controller. The second adapter
may of course also use a forward switching power supply
or a push-pull switching power supply. Different types of
switching power supplies will have their respective con-

nection manners between the primary rectification unit
and the transformer, which are not to be enumerated for
simplicity purposes.
[0156] The secondary rectification unit 39 is configured
to rectify the current coupled to the secondary side from
the primary side to obtain a current of the first pulsating
waveform. The secondary rectification unit 39 has a plu-
rality of forms. FIG.21 illustrates a typical secondary syn-
chronous rectification circuit that includes a synchronous
rectifier (SR) chip, a metal oxide semiconductor (MOS)
transistor controlled by the SR chip, and a diode con-
nected between the source and drain of the MOS tran-
sistor. The SR chip may transmit a PWM control signal
to the gate of the MOS transistor to control the ON/OFF
of the MOS transistor, thus achieving synchronous rec-
tification at the secondary side.
[0157] The first rectification unit 20 is configured to rec-
tify the current coupled to the secondary side from the
primary side to obtain a sync signal. As illustrated in
FIG.21, the first rectification unit 20 may be a forward
rectification circuit. The sync signal is a forward voltage
output from the forward rectification circuit.
[0158] The second adapter may further include a sam-
ple and hold unit (corresponding to the sample and hold
unit 12). The sample and hold unit includes a current
sampling unit (corresponding to the current sampling unit
14) and a current holding unit (corresponding to the cur-
rent holding unit 15).
[0159] As illustrated in FIG.21, the current sampling
unit includes a current sensing resistor R3 and a galva-
nometer. The galvanometer is configured to detect the
current of the first pulsating waveform via the current
sensing resistor R3 to obtain a sampling current and then
convert the sampling current to a corresponding sam-
pling voltage, which can indicate the magnitude of the
current of the first pulsating waveform.
[0160] A circuit holding unit may include voltage divi-
sion resistors R4, R5 and a capacitor C1. The circuit hold-
ing unit divides the sampling voltage output from the out-
put port (OUTPUT) of the galvanometer via the voltage
division resistors R4, R5 and then charges the capacitor
C1 with the voltage obtained after voltage division, such
that the voltage across the capacitor C1 varies as the
current of the first pulsating waveform changes. When
the first pulsating waveform reaches the peak or falling
edge, the voltage across the capacitor C1 reaches its
maximum (corresponding to the peak value of the current
of the first pulsating waveform), and the sample and hold
unit switches to the holding state.
[0161] The second adapter may further include a cur-
rent acquisition and control unit (corresponding to the
current acquisition and control unit 13). The current ac-
quisition and control unit may further include a MCU (cor-
responding to the control unit), a comparison unit 24, and
a discharging unit 16.
[0162] The comparison unit 24 may include a compa-
rator. The comparator has a first input end for receiving
the sync signal and a second input end for receiving the
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reference voltage. In some embodiments, the first input
end is an in-phase input end and the second input end
is a reversed-phase input end. In other embodiments,
the first input end is the reversed-phase input end and
the second input end is the in-phase input end. The com-
parator can transmit a comparison result to the MCU.
[0163] The MCU determines when the first pulsating
waveform is at the peak or falling edge based on the
comparison result of the comparator. It indicates that the
sample and hold circuit is in the holding state when the
first pulsating waveform is at the peak or falling edge.
The MCU acquires the voltage across the capacitor C1
through the ADC to determine the peak value of the cur-
rent of the first pulsating waveform.
[0164] The discharging unit 16 may include a switch
transistor Q3 and a resistor R6. When the MCU acquires
the peak value of the current of the first pulsating wave-
form, the MCU controls the switch transistor Q3 to switch
on, and the capacitor C1 discharges the resistor R6 to
release the charge across the capacitor C1. As such, the
voltage across the capacitor C1 can be changed again
following the change in the current of the first pulsating
waveform, indicating that the sample and hold unit is
switched from the holding state to the sampling state.
[0165] The second adapter may include a voltage ad-
justment unit (corresponding to the voltage adjustment
unit 28 above). The voltage adjustment unit may include
a voltage sampling unit (corresponding to the voltage
sampling unit 29 above), a voltage comparison unit (cor-
responding to the voltage comparison unit 30), and a
voltage control unit (corresponding to the voltage control
unit 31 above).
[0166] As illustrated in Fig.21, the voltage sampling
unit includes a resistor R1 and a resistor R2 for dividing
the output voltage of the second adapter to obtain a first
voltage.
[0167] The voltage comparison unit includes an oper-
ational amplifier (OPA for short). The OPA has a re-
versed-phase input end for receiving the first voltage and
an in-phase input end connected to the DAC to receive
a first reference voltage provided by the DAC. The DAC
is connected to the MCU. The MCU is configured to adjust
the first reference voltage via the DAC so as to adjust
the output voltage and/or output current of the second
adapter.
[0168] The voltage control unit includes an optocoupler
unit 40 and a PWM controller. The optocoupler unit 40
has an input end connected to an output end of the OPA.
When the output voltage of the OPA is lower than the
operating voltage VDD of the optocoupler unit 40, the
optocoupler unit 40 may start to operate to supply a feed-
back voltage to a FB (feedback) end of the PWM con-
troller. The PWM controller may accordingly control a
duty ratio of a PWM signal output from the PWM end by
comparing the voltages at the CS end and FB end. When
the output voltage of the OPA equals "0", a stable voltage
would be present at the FB end and so the PWM control
signal output from the PWM end of the PWM controller

would retain a certain duty ratio. The PWM end of the
PWM controller may be coupled to the primary winding
of the transformer T1 through the switch transistor Q2 to
control the output voltage and output current of the sec-
ond adapter. When the duty ratio of the control signal
sent out from the PWM end keeps constant, the output
voltage and output current of the second adapter will re-
main stable.
[0169] In addition, the MCU may also include a com-
munication interface, through which the MCU can per-
form two-way communication with the device to be
charged (e.g., a terminal) to control the charging process
of the second adapter. In the case where the charging
interface is a USB interface, the communication interface
may also be a USB interface. In particular, the second
adapter may use the power line in the USB interface to
charge the device to be charged (e.g., a terminal) and
use the data lines (D + and/or D-) in the USB interface
to communicate with the device to be charged, e.g., a
terminal.
[0170] In addition, the optocoupler unit 40 may be cou-
pled to a voltage regulating unit to stabilize the operating
voltage of the optocoupler. As illustrated in FIG.21, the
voltage regulating unit in the embodiments may be im-
plemented as a low dropout regulator (LDO).
[0171] The implementation of FIG.22 is similar to that
of FIG.21. The difference is that the voltage acquisition
unit consisting of resistor R1 and resistor R2 in FIG.21
is replaced by a digital potentiometer which corresponds
to the above-mentioned voltage division unit 34. The re-
versed-phase input end of the OPA is coupled with a
fixed second reference voltage. The MCU is configured
to adjust the output voltage and output current of the sec-
ond adapter by adjusting a voltage division ratio of the
digital potentiometer. For example, if the output voltage
of the second adapter is expected to be 5V, then the
voltage division ratio of the digital potentiometer can be
adjusted, such that the voltage at an output end of the
digital potentiometer equals to the second reference volt-
age when the output voltage of the second adapter is 5V.
Similarly, if the output voltage of the second adapter is
expected to be 3V, then the voltage division ratio of the
digital potentiometer can be adjusted, such that the volt-
age at the output end of the digital potentiometer equals
to the second reference voltage when the output voltage
of the second adapter is 3V.
[0172] In the implementations illustrated in FIG.21-
FIG.22, the sync signal is obtained through rectification
of the first rectification unit 20; however, the embodiment
of the disclosure is not limited thereto. For example, the
sync signal can be obtained from the primary side of the
second adapter as illustrated in FIG.9. Alternatively, the
sync signal can be obtained from the sample and hold
unit, such as from the output port (OUTPUT) of the gal-
vanometer as illustrated in FIG.21 and FIG.22.
[0173] In the implementations illustrated in FIG.21-
FIG.22, the comparison unit 24 compares the sync signal
with the reference voltage directly to determine whether
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the sample and hold unit is in the holding state, however,
the present disclosure is not limited thereto. For example,
as illustrated in FIG.13, DC signals in the sync signal can
be filtered out via a capacitor to obtain the zero-crossing
point AC signal, which is then compared with the refer-
ence voltage to determine whether the sample and hold
unit is in the holding state.
[0174] In the figures, the control unit indicated with dif-
ferent reference numbers can be control units separated
from each other or can be the same control unit. In some
implementations, the second adapter includes a MCU,
in which case the control unit mentioned herein refers to
the MCU.
[0175] In combination with FIG.1-FIG.22, the device
embodiments of the disclosure have been described in
detail. In the following, method embodiments will be de-
scribed refer to FIG.23. It should be noted that the de-
scription of the method corresponds to that of the device,
and the repeated description is omitted in order to be
concise.
[0176] FIG.23 is a schematic flow diagram of the meth-
od for charging control provided herein, which is appli-
cable to a second adapter such as the second adapter
illustrated in FIG.1-FIG.22. The second adapter may in-
clude a power conversion unit and a sample and hold
unit. The power conversion unit is configured to convert
an input AC to obtain an output voltage and an output
current of the second adapter. The output current of the
second adapter is a current of a first pulsating waveform.
The sample and hold unit is connected to the power con-
version unit. The sample and hold unit is configured to
sample the current of the first pulsating waveform when
the sample and hold unit is in the sampling unit, and hold
the peak value of the current of the first pulsating wave-
form when the sample and hold unit is in the holding state.
[0177] As illustrated in FIG.23, the method for charging
control may include the following operations.
[0178] At block 2310, determine whether the sample
and hold unit is in the holding state.
[0179] At block 2320, when the sample and hold unit
is in the holding state, a peak value of the current of the
first pulsating waveform held by the sample and hold unit
is acquired.
[0180] As one implementation, whether the sample
and hold unit is in the holding state can be determined
as follows. A sync signal is received, the period of the
sync signal is 1/N of the period of the first pulsating wave-
form, and N is an integer greater than or equal to one.
Determine whether the sample and hold unit is in the
holding state based on the sync signal.
[0181] As one implementation, the sync signal can be
received as follows. For example, the sync signal is ob-
tained from the power conversion unit.
[0182] As one implementation, the power conversion
unit includes a primary unit and a secondary unit, and
the sync signal can be obtained from the power conver-
sion unit as follows: the sync signal can be obtained from
the secondary unit.

[0183] As one implementation, the secondary unit in-
cludes a first rectification unit connected to the current
acquisition and control unit. The first rectification unit is
configured to rectify the current coupled to the secondary
unit from the primary unit to obtain a voltage of a second
pulsating waveform, and transmit the voltage of the sec-
ond pulsating waveform as a sync signal to the current
acquisition and control unit.
[0184] As another implementation, the power conver-
sion unit includes a primary unit and a secondary unit,
and the sync signal can be obtained from the primary unit.
[0185] As one implementation, the primary unit is con-
figured to rectify the AC to obtain a voltage of a third
pulsating waveform. The period of the third pulsating
waveform is the same as that of the first pulsating wave-
form. The primary unit may couple the voltage of the third
pulsating waveform from the primary side of the second
adapter to the secondary side via a optocoupler unit to
obtain a voltage of a fourth pulsating waveform, and
transmit the voltage of the fourth pulsating waveform as
a sync signal to the current acquisition and control unit.
[0186] As one implementation, the sync signal can be
obtained from the sample and hold unit.
[0187] As one implementation, the sample and hold
unit is configured to sample the current of the first pul-
sating waveform to obtain a sampling current, convert
the sampling current to a sampling voltage, and transmit
the sampling voltage as a sync signal to the current ac-
quisition and control unit. The sampling voltage is con-
figured to indicate the magnitude of the current of the first
pulsating waveform.
[0188] As one implementation, whether the sample
and hold unit is in the holding state can be determined
based on the sync signal as follows. Whether the first
pulsating waveform is at the peak or falling edge is de-
termined based on the sync signal. The sample and hold
unit is determined to be in the holding state when the first
pulsating waveform is at the peak or falling edge.
[0189] As one implementation, whether the first pul-
sating waveform is at the peak or falling edge is deter-
mined based on the sync signal as follows. Whether the
first pulsating waveform is at the peak or falling edge can
be determined based on a comparison result between a
voltage of the sync signal and the reference voltage.
[0190] As one implementation, whether the first pul-
sating waveform is at the peak or falling edge can be
determined based on the sync signal as follows. DC sig-
nals in the sync signal is filtered out to obtain a zero-
crossing point AC signal. The voltage of the AC signal is
compared with the reference voltage. Whether the first
pulsating waveform is at the peak or falling edge can be
determined based on a comparison result between the
voltage of the AC signal and the reference voltage, where
the voltage value of the reference voltage is zero.
[0191] The period of the first pulsating waveform is the
same as that of the sync signal.
[0192] The method of FIG.23 may further include the
follows. After acquiring the peak value of the current of
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the first pulsating waveform, the sample and hold unit is
controlled to switch from the holding state to the sampling
state.
[0193] As one implementation, the sample and hold
unit may include a capacitor. The sample and hold unit
is configured to hold the peak value of the current of the
first pulsating waveform based on the capacitor. The
sample and hold unit can be controlled to switch from the
holding state to the sampling state as follows. The charge
across the capacitor can be released, such that the sam-
ple and hold unit switches from the holding state to the
sampling state.
[0194] As one implementation, the second adapter
may further include a voltage adjustment unit. The volt-
age adjustment unit is connected to the power conversion
unit and configured to detect and adjust the output volt-
age of the second adapter. In this case, the method of
FIG.23 may further include the follows. The peak value
of the current of the first pulsating waveform can be ad-
justed via the voltage adjustment unit.
[0195] As one implementation, the voltage adjustment
unit may further include a voltage sampling unit, a voltage
comparison unit, and a voltage control unit. The voltage
sampling unit is connected to the power conversion unit
for sampling the output voltage of the second adapter to
obtain a first voltage. The input end of the voltage com-
parison unit is connected to the voltage sampling unit, to
compare the first voltage with the first reference voltage.
The input end of the voltage control unit is connected to
the output end of the voltage comparison unit. The output
end of the voltage control unit is connected to the power
conversion unit. The voltage control unit controls the out-
put voltage of the second adapter based on the compar-
ison result of the first voltage and the first reference volt-
age. The peak value of the current of the first pulsating
waveform can be adjusted through the voltage adjust-
ment unit in the following manner. The peak value of the
current of the first pulsating waveform can be adjusted
by adjusting the voltage value of the first reference volt-
age.
[0196] The peak value of the current of the first pulsat-
ing waveform can be adjusted by adjusting the voltage
value of the first reference voltage through a digital DAC.
[0197] As one implementation, the voltage adjustment
unit may include a voltage division unit, a voltage com-
parison unit, and a voltage control unit. The input end of
the voltage division unit is connected to the power con-
version unit, to divide the output voltage of the second
adapter by a voltage division ratio to generate a second
voltage. The input end of the voltage comparison unit is
connected to the output end of the voltage division unit,
to compare the second voltage with the second reference
voltage. The input end of the voltage control unit is con-
nected to the input end of the voltage comparison unit.
The output end of the voltage control unit is connected
to the power conversion unit. The voltage control unit
controls the output voltage of the second adapter based
on the comparison result between the second voltage

and the second reference voltage. In this case, the peak
value of the current of the first pulsating waveform can
be adjusted by adjusting the voltage division ratio.
[0198] As one implementation, the voltage division unit
may include a digital potentiometer. The high potential
side of the digital potentiometer is connected to the power
conversion unit. The low potential side of the digital po-
tentiometer is grounded. The output end of the digital
potentiometer is connected to the voltage comparison
unit. In this case, the peak value of the current of the first
pulsating waveform can be adjusted by adjusting the volt-
age division ratio of the digital potentiometer.
[0199] As one implementation, the sample and hold
unit may include a current sampling unit and a current
holding unit. The current sampling unit can be connected
to the power conversion unit to detect the current of the
first pulsating waveform, so as to obtain a sampling cur-
rent and convert it to a sampling voltage. The sampling
voltage is configured to indicate the magnitude of the
current of the first pulsating waveform. The current hold-
ing unit is connected to the current sampling unit and the
current acquisition and control unit. The current holding
unit may receive the sampling voltage from the current
sampling unit and charge the capacitor in the current
holding unit based on the sampling voltage. In this case,
the peak value of the current of the first pulsating wave-
form can be obtained by acquiring the voltage across the
capacitor of the sample and hold unit.
[0200] In one implementation, the peak value of the
current of the first pulsating waveform can be acquired
based on ADC.
[0201] As one implementation, the second adapter is
operable in a first charging mode and a second charging
mode. The charging speed of the device to be charged
by the second adapter in the second charging mode is
faster than in the first charging mode. The current of the
first pulsating waveform is the output current of the sec-
ond adapter in the second charging mode. Furthermore,
when the second adapter is connected to the device to
be charged, in the method of FIG.23, the second adapter
may perform two-way communication with the device to
be charged to control the second adapter to output in the
second charging mode.
[0202] As one implementation, performing two-way
communication with the device to be charged to control
the second adapter to output in the second charging
mode may include performing two-way communication
with the device to be charged to negotiate a charging
mode between the second adapter and the device to be
charged.
[0203] As one implementation, performing two-way
communication with the device to be charged to negotiate
the charging mode may include: sending a first instruction
to the device to be charged to inquire the device to be
charged whether to enable the second charging mode;
receiving from the device to be charged a reply instruction
responsive to the first instruction, where the reply instruc-
tion responsive to the first instruction indicates whether
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the device to be charged agrees to enable the second
charging mode; using the second charging mode to
charge the device to be charged when the device to be
charged agrees to enable the second charging mode.
[0204] As one implementation, performing two-way
communication with the device to be charged to control
the second adapter to output in the second charging
mode may include: performing two-way communication
with the device to be charged to determine the charging
voltage that is output from the second adapter in the sec-
ond charging mode and is used to charge the device to
be charged; adjusting the output voltage of the second
adapter to be equal to the charging voltage that is output
from the second adapter in the second charging mode
and is used to charge the device to be charged.
[0205] As one implementation, performing two-way
communication with the device to be charged to deter-
mine the charging voltage that is output from the second
adapter in the second charging mode and is used to
charge the device to be charged may include: sending a
second instruction to the device to be charged to inquire
whether the output voltage of the second adapter match-
es the present voltage of the battery of the device to be
charged; receiving, from the device to be charged, a reply
instruction responsive to the second instruction, and the
reply instruction responsive to the second instruction in-
dicates whether the output voltage of the second adapter
matches the present voltage of the battery, or is higher,
or lower than the present voltage of the battery.
[0206] As one implementation, performing two-way
communication with the device to be charged to control
the second adapter to output in the second charging
mode may include: performing two-way communication
with the device to be charged to determine the charging
current that is output by the second adapter in the second
charging mode and is used to charge the device to be
charged; adjusting the peak value of the current of the
first pulsating waveform to be equal to the charging cur-
rent that is output by the second adapter in the second
charging mode and is used to charge the device to be
charged.
[0207] As one implementation, performing two-way
communication with the device to be charged to deter-
mine the charging current that is output by the second
adapter in the second charging mode and is used to
charge the device to be charged may include: sending a
third instruction to the device to be charged to inquire
about the maximum charging current currently supported
by the device to be charged; receiving, from the device
to be charged, a reply instruction responsive to the third
instruction, and the reply instruction responsive to the
third instruction indicates the maximum charging current
currently supported by the device to be charged; deter-
mining the charging current that is output by the second
adapter in the second charging mode and is used to
charge the device to be charged based on the maximum
charging current of the device to be charged currently
supports.

[0208] As one implementation, performing two-way
communication with the device to be charged to control
the second adapter to output in the second charging
mode may include performing two-way communication
with the device to be charged to adjust the peak value of
the current of the first pulsating waveform during the
charging process in the second charging mode.
[0209] As one implementation, performing two-way
communication with the device to be charged to adjust
the peak value of the current of the first pulsating wave-
form may include: sending a fourth instruction to the de-
vice to be charged to inquire about the present voltage
of the battery of the device to be charged; receiving a
reply instruction responsive to the fourth instruction from
the second adapter, that indicates the present voltage of
the battery; adjusting the peak value of the current of the
first pulsating waveform based on the present voltage of
the battery.
[0210] As one implementation, the second adapter
may include a charging interface. The second adapter
may perform two-way communication with the device to
be charged through a data line in the charging interface.
[0211] As one implementation, the second adapter is
operable in a first charging mode which may be a con-
stant-voltage mode and a second charging mode which
may be a constant-current mode. The current of the first
pulsating waveform is the output current of the second
adapter in the second charging mode. The second adapt-
er includes a control unit. The power conversion unit in-
cludes a secondary filter unit. The control unit is connect-
ed to the secondary filter unit. The method of FIG.23 may
further include: controlling in the first charging mode the
secondary filter unit to operate such that the output volt-
age of the second adapter keeps constant; controlling in
the second charging mode the secondary filter unit to
stop operating such that the output current of the second
adapter would become the current of the first pulsating
waveform.
[0212] As one implementation, the second adapter
may apply the current of the first pulsating waveform di-
rectly to both ends of the battery of the device to be
charged so as to direct-charge the battery.
[0213] As one implementation, the second adapter
may be a second adapter configured to charge a mobile
terminal.
[0214] As one implementation, the second adapter
may include a control unit that controls the charging proc-
ess. The control unit may be a MCU.
[0215] As one implementation, the second adapter
may include a charging interface which may be a USB
interface.
[0216] It will be appreciated that the use of terms "first
adapter" and "second adapter" is for purposes of illustra-
tion only and not of limiting the type of the adapter of the
embodiments.
[0217] Those of ordinary skill in the art will appreciate
that units (including sub-units) and algorithmic opera-
tions of various examples described in connection with
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embodiments herein can be implemented by electronic
hardware or by a combination of computer software and
electronic hardware. Whether these functions are per-
formed by means of hardware or software depends on
the application and the design constraints of the associ-
ated technical solution. A professional technician may
use different methods with regard to each particular ap-
plication to implement the described functionality, but
such methods should not be regarded as lying beyond
the scope of the disclosure.
[0218] It will be evident to those skilled in the art that
the corresponding processes of the above method em-
bodiments can be referred to for the working processes
of the foregoing systems, apparatuses, and units, for pur-
poses of convenience and simplicity.
[0219] It will be appreciated that the systems, appara-
tuses, and methods disclosed in embodiments herein
may also be implemented in various other manners. For
example, the above apparatus embodiments are merely
illustrative, e.g., the division of units (including sub-units)
is only a division of logical functions, and there may exist
other ways of division in practice, e.g., multiple units (in-
cluding sub-units) or components may be combined or
may be integrated into another system, or some features
may be ignored or not included. In other respects, the
coupling or direct coupling or communication connection
as illustrated or discussed may be an indirect coupling
or communication connection through some interface,
device or unit, and may be electrical, mechanical, or oth-
erwise.
[0220] Separated units (including sub-units) as illus-
trated may or may not be physically separated. Compo-
nents or parts displayed as units (including sub-units)
may or may not be physical units, and may reside at one
location or may be distributed to multiple networked units.
Some or all of the units (including sub-units) may be se-
lectively adopted according to practical needs to achieve
desired objectives of the disclosure.
[0221] Additionally, various functional units (including
sub-units) described in embodiments herein may be in-
tegrated into one processing unit or may be present as
a number of physically separated units, and two or more
units may be integrated into one.
[0222] If the integrated units are implemented as soft-
ware functional units and sold or used as standalone
products, they may be stored in a computer readable
storage medium. Based on such an understanding, the
essential technical solution, or the portion that contrib-
utes to the prior art, or all or part of the technical solution
of the disclosure may be embodied as software products.
Computer software products can be stored in a storage
medium and may include multiple instructions that, when
executed, can cause a computing device, e.g., a personal
computer, a server, a second adapter, a network device,
etc., to execute some or all operations of the methods
as described in the various embodiments. The above
storage medium may include various kinds of media that
can store program code, such as a USB flash disk, a

mobile hard drive, a read-only memory (ROM), a random
access memory (RAM), a magnetic disk, or an optical
disk.

Claims

1. An adapter (10), being operable in a first charging
mode and a second charging mode, wherein a
charging speed of a device to be charged by the
adapter (10) in the second charging mode is faster
than in the first charging mode, the adapter (10) com-
prising:

a power conversion unit (11), configured to con-
vert an input alternating current, AC, to obtain
an output voltage and an output current of the
adapter (10), wherein the output current of the
adapter (10) is a current of a first pulsating wave-
form, and wherein the power conversion unit
(11) comprises an AC input end, a primary rec-
tification unit (38), a transformer (T1), a second-
ary rectification unit (39), and a first rectification
unit (20), the primary rectification unit (38) being
configured to transfer a pulsating direct current
without primary filtering unit to the transformer
(T1);
a sample and hold unit (12), connected to the
power conversion unit (11), and configured to
sample the current of the first pulsating wave-
form when the sample and hold unit (12) is in a
sampling state and hold a peak value of the cur-
rent of the first pulsating waveform when the
sample and hold unit (12) is in a holding state;
a current acquisition and control unit (13), con-
nected to the sample and hold unit (12) and con-
figured to determine whether the sample and
hold unit (12) is in the holding state and acquire
the peak value of the current of the first pulsating
waveform held by the sample and hold unit (12)
when the sample and hold unit (12) is in the hold-
ing state; and
a control unit, configured to perform two-way
communication with the device to be charged to
negotiate a charging mode between the adapter
and the device to be charged, and configured to
adjust the output voltage or output current of the
adapter based on the present voltage or the cur-
rent power of a battery of the device to be
charged;
wherein the adapter (10) is configured to directly
and without secondary filtering circuit apply the
output current to the battery of the device to be
charged.

2. The adapter (10) of claim 1, wherein the current ac-
quisition and control unit (13) is configured to receive
a synchronization signal and determine based on
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the synchronization signal whether the sample and
hold unit (12) is in the holding state, wherein the pe-
riod of the synchronization signal is 1/N of the period
of the first pulsating waveform, and wherein N is an
integer greater than or equal to one, and wherein the
current acquisition and control unit (13) is connected
to the power conversion unit (11) and configured to
obtain the synchronization signal from the power
conversion unit (11).

3. The adapter (10) of claim 2, wherein the power con-
version unit (11) comprises a primary unit (18) and
a secondary unit (19), the current acquisition and
control unit (13) is connected to the secondary unit
(19) and configured to obtain the synchronization
signal from the secondary unit (19), and wherein the
secondary unit (19) comprises a first rectification unit
(20) connected to the current acquisition and control
unit (13), and wherein the first rectification unit (20)
is configured to rectify a current which is coupled to
the secondary unit (19) by the primary unit (18), to
obtain a voltage of a second pulsating waveform and
transmit the voltage of the second pulsating wave-
form as the synchronization signal to the current ac-
quisition and control unit (13).

4. The adapter (10) of any of claims 2-3, wherein the
current acquisition and control unit (13) is configured
to determine based on the synchronization signal
whether the first pulsating waveform is at the peak
or falling edge and acquire the peak value of the
current of the first pulsating waveform held by the
sample and hold unit (12) if the first pulsating wave-
form is at the peak or falling edge.

5. The adapter (10) of claim 4, wherein the current ac-
quisition and control unit (13) comprises:
a comparator (22) and a control unit (23), wherein
the comparator (22) has a first input end configured
to receive the synchronization signal and a second
input end configured to receive a reference voltage,
the control unit (23) is connected to an output end
of the comparator (22) and configured to determine
based on a comparison result between a voltage of
the synchronization signal and the reference voltage
whether the first pulsating waveform is at the peak
or falling edge.

6. The adapter (10) of claim 4, wherein the current ac-
quisition and control unit (13) comprises:
a comparison unit (24) and a control unit (25), where-
in the comparison unit (24) comprises a capacitor
(26) and a comparator (27), the capacitor (26) is con-
figured to receive the synchronization signal and fil-
ter a direct current (DC) signal contained in the syn-
chronization signal to obtain a zero-crossing point
AC signal, and the comparator (27) has a first input
end connected to the capacitor (26) and configured

to receive the AC signal and a second input end con-
figured to receive a reference voltage, and the com-
parator (27) is configured to compare a voltage of
the AC signal with the reference voltage; wherein
the control unit (25) is connected to an output end
of the comparator (27) and configured to determine
based on a comparison result between the voltage
of the AC signal and the reference voltage whether
the first pulsating waveform is at the peak or falling
edge, and wherein a voltage value of the reference
voltage is zero.

7. The adapter (10) of any of claims 1-6, further com-
prising:

a voltage adjustment unit (28), connected to the
power conversion unit (11) and configured to de-
tect and adjust the output voltage of the adapter
(10);
wherein the current acquisition and control unit
(13) is connected to the voltage adjustment unit
(28) and configured to adjust the peak value of
the current of the first pulsating waveform
through the voltage adjustment unit (28).

8. The adapter (10) of any of claims 1-7, wherein the
sample and hold unit (12) comprises:

a current sampling unit (14), connected to the
power conversion unit (11), and configured to
detect the current of the first pulsating waveform
to obtain a sampling current and convert the
sampling current to a sampling voltage, wherein
the sampling voltage is configured to indicate
the magnitude of the current of the first pulsating
waveform; and
a current holding unit (15), connected to the cur-
rent sampling unit (14) and the current acquisi-
tion and control unit (13), and configured to re-
ceive the sampling voltage from the current sam-
pling unit (14) and charge the capacitor of the
current holding unit (15) based on the sampling
voltage;
wherein the current acquisition and control unit
(13) is configured to acquire the peak value of
the current of the first pulsating waveform by de-
tecting a voltage across the capacitor of the
sample and hold unit (12).

9. The adapter (10) of any of claims 1-8, wherein the
current of the first pulsating waveform is the output
current of the adapter (10) in the second charging
mode, and wherein the adapter (10) comprises the
control unit, which is configured to perform two-way
communication with the device to be charged to con-
trol the output of the adapter (10) in the second
charging mode, when the adapter (10) is connected
to the device to be charged, and wherein the control
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unit configured to perform two-way communication
with the device to be charged to control the output
of the adapter (10) in the second charging mode is
configured to perform two-way communication with
the device to be charged to negotiate a charging
mode between the adapter (10) and the device to be
charged.

10. The adapter (10) of claim 9, wherein the control unit
configured to perform two-way communication with
the device to be charged to negotiate the charging
mode between the adapter (10) and the device to be
charged is configured to:

transmit a first instruction to the device to be
charged and receive from the device to be
charged a reply instruction responsive to the first
instruction, wherein the first instruction is con-
figured to inquire the device to be charged
whether to enable the second charging mode,
the reply instruction responsive to the first in-
struction is configured to indicate whether the
device to be charged agrees to enable the sec-
ond charging mode; and
charge the device to be charged with the second
charging mode when the device to be charged
agrees to enable the second charging mode.

11. The adapter (10) of claim 9 or 10, wherein the control
unit configured to perform two-way communication
with the device to be charged to control the output
of the adapter (10) in the second charging mode is
configured to:

perform two-way communication with the device
to be charged, to determine a charging voltage,
which is output from the adapter (10) in the sec-
ond charging mode for charging the device to
be charged; and
the control unit is configured to adjust the output
voltage of the adapter (10), whereby the output
voltage of the adapter (10) is equal to the charg-
ing voltage that is output from the adapter (10)
in the second charging mode for charging the
device to be charged, and wherein the control
unit configured to perform two-way communica-
tion with the device to be charged to determine
the charging voltage that is output from the
adapter (10) in the second charging mode for
charging the device to be charged is configured
to:

transmit a second instruction to the device
to be charged and receive from the device
to be charged a reply instruction responsive
to the second instruction;
wherein the second instruction is configured
to inquire whether the output voltage of the

adapter (10) matches a present voltage of
the battery of the device to be charged, and
the reply instruction responsive to the sec-
ond instruction is configured to indicate that
the output voltage of the adapter (10)
matches the present voltage of the battery,
or is high or low in relative to the present
voltage of the battery.

12. The adapter (10) of any of claims 9-11, wherein the
control unit configured to perform two-way commu-
nication with the device to be charged to control the
output of the adapter (10) in the second charging
mode is configured to:

perform two-way communication with the device
to be charged to determine a charging current,
which is output from the adapter (10) in the sec-
ond charging mode for charging the device to
be charged; and
adjust the peak value of the current of the first
pulsating waveform, whereby the peak value of
the current of the first pulsating waveform is
equal to the charging current that is output from
the adapter (10) in the second charging mode
for charging the device to be charged and
wherein the control unit configured to perform
two-way communication with the device to be
charged to determine the charging current that
is output from the adapter (10) in the second
charging mode for charging the device to be
charged is configured to:

transmit a third instruction to the device to
be charged and receive from the device to
be charged a reply instruction responsive
to the third instruction, wherein the third in-
struction is configured to inquire the maxi-
mum charging current currently supported
by the device to be charged, and the reply
instruction responsive to the third instruc-
tion is configured to indicate the maximum
charging current currently supported by the
device to be charged; and
determine the charging current that is out-
put from the adapter (10) in the second
charging mode for charging the device to
be charged, based on the maximum charg-
ing current currently supported by the de-
vice to be charged.

13. The adapter (10) of any of claims 9-12, wherein the
control unit configured to perform two-way commu-
nication with the device to be charged to control the
output of the adapter (10) in the second charging
mode is configured to: perform two-way communi-
cation with the device to be charged to adjust the
peak value of the current of the first pulsating wave-
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form, in the process of charging with the second
charging mode.

14. The adapter (10) of claim 13, wherein the control unit
configured to perform two-way communication with
the device to be charged to adjust the peak value of
the current of the first pulsating waveform is config-
ured to:

transmit a fourth instruction to the device to be
charged and receive from the device to be
charged a reply instruction responsive to the
fourth instruction, wherein the fourth instruction
is configured to inquire a present voltage of the
battery of the device to be charged, and the reply
instruction responsive to the fourth instruction is
configured to indicate the present voltage of the
battery; and
adjust the peak value of the current of the first
pulsating waveform according to the present
voltage of the battery.

15. A method for charging control, being applicable to
an adapter (10), wherein the adapter (10) is operable
in a first charging mode and a second charging
mode, and a charging speed of a device to be
charged by the adapter (10) in the second charging
mode is faster than the charging speed of the device
to be charged by the adapter (10) in the first charging
mode, wherein the adapter (10) comprises a power
conversion unit (11), a sample and hold unit (12),
and a control unit, wherein the power conversion unit
(11) is configured to convert an input alternating cur-
rent, AC, to obtain an output voltage and an output
current of the adapter (10), and the output current of
the adapter (10) is a current of a first pulsating wave-
form and the output current of the adapter (10) is
directly and without secondary filtering circuit applied
to a battery of the device to be charged, wherein the
power conversion unit (11) comprises an AC input
end, a primary rectification unit (38), a transformer
(T1), a secondary rectification unit (39), and a first
rectification unit (20), the primary rectification unit
(38) being configured to transfer a pulsating direct
current without primary filtering to the transformer
(T1); wherein the sample and hold unit (12) is con-
nected to the power conversion unit (11) and config-
ured to sample the current of the first pulsating wave-
form when the sample and hold unit (12) is in a sam-
pling state and hold a peak value of the current of
the first pulsating waveform when the sample and
hold unit (12) is in a holding state; wherein the control
unit is configured to perform two-way communication
with the device to be charged to negotiate a charging
mode between the adapter and the device to be
charged, and configured to adjust the output voltage
or output current of the adapter based on the present
voltage or the current power of the battery of the

device to be charged;
the method comprising:

determining whether the sample and hold unit
(12) is in the holding state; and
acquiring the peak value of the current of the
first pulsating waveform held by the sample and
hold unit (12) when the sample and hold unit
(12) is in the holding state.

Patentansprüche

1. Adapter (10), der in einem ersten Ladungsmodus
und einem zweiten Ladungsmodus betreibbar ist,
wobei eine Ladungsgeschwindigkeit einer Vorrich-
tung, die durch den Adapter (10) zu laden ist, im
zweiten Ladungsmodus schneller ist als im ersten
Ladungsmodus, der Adapter (10) umfassend:

eine Leistungswandlereinheit (11), die konfigu-
riert ist, einen eingehenden Wechselstrom, AC,
umzuwandeln, um eine Ausgangsspannung
und einen Ausgangsstrom des Adapters (10) zu
erhalten, wobei der Ausgangsstrom des Adap-
ters (10) ein Strom einer ersten pulsierenden
Wellenform ist und wobei die Leistungswandle-
reinheit (11) ein AC-Eingangsende, eine primä-
re Gleichrichtereinheit (38), einen Transforma-
tor (T1), eine sekundäre Gleichrichtereinheit
(39) und eine erste Gleichrichtereinheit (20) um-
fasst, wobei die primäre Gleichrichtereinheit
(38) konfiguriert ist, einen pulsierenden Gleich-
strom ohne primäre Filtereinheit zum Transfor-
mator (T1) zu übertragen;
eine Abtast- und Halteeinheit (12), die mit der
Leistungswandlereinheit (11) verbunden ist und
konfiguriert ist, den Strom der ersten pulsieren-
den Wellenform abzutasten, wenn die Abtast-
und Halteeinheit (12) in einem Abtastzustand
ist, und einen Spitzenwert des Stroms der ersten
pulsierenden Wellenform zu halten, wenn die
Abtast- und Halteeinheit (12) in einem Haltezu-
stand ist;
eine Stromerlangungs- und -steuereinheit (13),
die mit der Abtast- und Halteeinheit (12) verbun-
den ist und konfiguriert ist zu bestimmen, ob die
Abtast- und Halteeinheit (12) im Haltezustand
ist, und den Spitzenwert des Stroms der ersten
pulsierenden Wellenform, der durch die Abtast-
und Halteeinheit (12) gehalten wird, zu erlan-
gen, wenn die Abtast- und Halteeinheit (12) im
Haltezustand ist; und
eine Steuereinheit, die konfiguriert ist, eine
Zweiwege-Kommunikation mit der zu ladenden
Vorrichtung durchzuführen, um einen Ladungs-
modus zwischen dem Adapter und der zu laden-
den Vorrichtung zu verhandeln, und konfiguriert
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ist, die Ausgangsspannung oder den Ausgangs-
strom des Adapters basierend auf der gegen-
wärtigen Spannung oder der gegenwärtigen
Leistung einer Batterie der zu ladenden Vorrich-
tung einzustellen;
wobei der Adapter (10) konfiguriert ist, direkt und
ohne sekundäre Filterschaltung den Ausgangs-
strom an die Batterie der zu ladenden Vorrich-
tung anzulegen.

2. Adapter (10) nach Anspruch 1, wobei die Stromer-
langungs- und -steuereinheit (13) konfiguriert ist, ein
Synchronisierungssignal zu empfangen und basie-
rend auf dem Synchronisierungssignal zu bestim-
men, ob die Abtast- und Halteeinheit (12) im Halte-
zustand ist, wobei die Periode des Synchronisie-
rungssignals 1/N der Periode der ersten pulsieren-
den Wellenform ist, und wobei N eine ganze Zahl
größer oder gleich eins ist, und wobei die Stromer-
langungs- und -steuereinheit (13) mit der Leistungs-
wandlereinheit (11) verbunden und konfiguriert ist,
das Synchronisierungssignal von der Leistungs-
wandlereinheit (11) zu erhalten.

3. Adapter (10) nach Anspruch 2, wobei die Leistungs-
wandlereinheit (11) eine primäre Einheit (18) und ei-
ne sekundäre Einheit (19) umfasst, wobei die Stro-
merlangungs- und -steuereinheit (13) mit der sekun-
dären Einheit (19) verbunden ist und konfiguriert ist,
das Synchronisierungssignal von der sekundären
Einheit (19) zu erhalten, und wobei die sekundäre
Einheit (19) eine erste Gleichrichtereinheit (20) um-
fasst, die mit der Stromerlangungs- und -steuerein-
heit (13) verbunden ist, und wobei die erste Gleich-
richtereinheit (20) konfiguriert ist, einen Strom
gleichzurichten, der durch die primäre Einheit (18)
an die sekundäre Einheit (19) gekoppelt ist, um eine
Spannung einer zweiten pulsierenden Wellenform
zu erhalten und die Spannung der zweiten pulsie-
renden Wellenform als das Synchronisierungssignal
an die Stromerlangungs- und -steuereinheit (13) zu
übertragen.

4. Adapter (10) nach einem der Ansprüche 2-3, wobei
die Stromerlangungs- und -steuereinheit (13) konfi-
guriert ist, basierend auf dem Synchronisierungssi-
gnal zu bestimmen, ob die erste pulsierende Wel-
lenform an der Spitze oder abfallenden Flanke ist,
und den Spitzenwert des Stroms der ersten pulsie-
renden Wellenform, der durch die Abtast- und Hal-
teeinheit (12) gehalten wird, zu erlangen, falls die
erste pulsierende Wellenform an der Spitze oder ab-
fallenden Flanke ist.

5. Adapter (10) nach Anspruch 4, wobei die Stromer-
langungs- und -steuereinheit (13) umfasst:
einen Komparator (22) und eine Steuereinheit (23),
wobei der Komparator (22) ein erstes Eingangsende

aufweist, das konfiguriert ist, das Synchronisie-
rungssignal zu empfangen, und ein zweites Ein-
gangsende, das konfiguriert ist, eine Referenzspan-
nung zu empfangen, wobei die Steuereinheit (23)
mit einem Ausgangsende des Komparators (22) ver-
bunden ist und konfiguriert ist, basierend auf einem
Vergleichsergebnis zwischen einer Spannung des
Synchronisierungssignals und der Referenzspan-
nung zu bestimmen, ob die erste pulsierende Wel-
lenform an der Spitze oder abfallenden Flanke ist.

6. Adapter (10) nach Anspruch 4, wobei die Stromer-
langungs- und -steuereinheit (13) umfasst:

eine Vergleichseinheit (24) und eine Steuerein-
heit (25), wobei die Vergleichseinheit (24) einen
Kondensator (26) und einen Komparator (27)
umfasst, wobei der Kondensator (26) konfigu-
riert ist, das Synchronisierungssignal zu emp-
fangen und ein Gleichstrom (DC)-Signal zu fil-
tern, das im Synchronisierungssignal enthalten
ist, um ein Nulldurchgangspunkt-AC-Signal zu
erhalten, und der Komparator (27) ein erstes
Eingangsende, das mit dem Kondensator (26)
verbunden ist und konfiguriert ist, das AC-Signal
zu empfangen, und ein zweites Eingangsende,
das konfiguriert ist, eine Referenzspannung zu
empfangen, aufweist und der Komparator (27)
konfiguriert ist, eine Spannung des AC-Signals
mit der Referenzspannung zu vergleichen;
wobei die Steuereinheit (25) mit einem Aus-
gangsende des Komparators (27) verbunden ist
und konfiguriert ist, basierend auf einem Ver-
gleichsergebnis zwischen der Spannung des
AC-Signals und der Referenzspannung zu be-
stimmen, ob die erste pulsierende Wellenform
an der Spitze oder abfallenden Flanke ist, und
wobei ein Spannungswert der Referenzspan-
nung null ist.

7. Adapter (10) nach einem der Ansprüche 1-6, weiter
umfassend:

eine Spannungseinstellungseinheit (28), die mit
der Leistungswandlereinheit (11) verbunden ist
und konfiguriert ist, die Ausgangsspannung des
Adapters (10) zu erfassen und einzustellen;
wobei die Stromerlangungs- und -steuereinheit
(13) mit der Spannungseinstellungseinheit (28)
verbunden ist und konfiguriert ist, den Spitzen-
wert des Stroms der ersten pulsierenden Wel-
lenform durch die Spannungseinstellungsein-
heit (28) einzustellen.

8. Adapter (10) nach einem der Ansprüche 1-7, wobei
die Abtast- und Halteeinheit (12) umfasst:

eine Stromabtasteinheit (14), die mit der Leis-
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tungswandlereinheit (11) verbunden ist, und
konfiguriert ist, den Strom der ersten pulsieren-
den Wellenform zu erfassen, um einen Abtast-
strom zu erhalten, und den Abtaststrom zu einer
Abtastspannung umzuwandeln, wobei die Ab-
tastspannung konfiguriert ist, die Stärke des
Stroms der ersten pulsierenden Wellenform an-
zuzeigen; und
eine Stromhalteeinheit (15), die mit der Strom-
abtasteinheit (14) und der Stromerlangungs-
und -steuereinheit (13) verbunden ist und kon-
figuriert ist, die Abtastspannung von der Strom-
abtasteinheit (14) zu empfangen und den Kon-
densator der Stromhalteeinheit (15) basierend
auf der Abtastspannung zu laden;
wobei die Stromerlangungs- und -steuereinheit
(13) konfiguriert ist, den Spitzenwert des Stroms
der ersten pulsierenden Wellenform durch Er-
fassen einer Spannung über den Kondensator
der Abtast- und Halteeinheit (12) zu erlangen.

9. Adapter (10) nach einem der Ansprüche 1-8, wobei
der Strom der ersten pulsierenden Wellenform der
Ausgangsstrom des Adapters (10) im zweiten La-
dungsmodus ist und wobei der Adapter (10) die
Steuereinheit umfasst, die konfiguriert ist, eine Zwei-
wege-Kommunikation mit der zu ladenden Vorrich-
tung durchzuführen, um den Ausgang des Adapters
(10) im zweiten Ladungsmodus zu steuern, wenn
der Adapter (10) mit der zu ladenden Vorrichtung
verbunden ist, und wobei die Steuereinheit, die kon-
figuriert ist, eine Zweiwege-Kommunikation mit der
zu ladenden Vorrichtung durchzuführen, um den
Ausgang des Adapters (10) im zweiten Ladungsmo-
dus zu steuern, konfiguriert ist, eine Zweiwege-Kom-
munikation mit der zu ladenden Vorrichtung durch-
zuführen, um einen Ladungsmodus zwischen dem
Adapter (10) und der zu ladenden Vorrichtung zu
verhandeln.

10. Adapter (10) nach Anspruch 9, wobei die Steuerein-
heit, die konfiguriert ist, eine Zweiwege-Kommuni-
kation mit der zu ladenden Vorrichtung durchzufüh-
ren, um den Ladungsmodus zwischen dem Adapter
(10) und der zu ladenden Vorrichtung zu verhandeln,
konfiguriert ist zum:

Senden einer ersten Anweisung an die zu la-
dende Vorrichtung und Empfangen, von der zu
ladenden Vorrichtung, einer Antwortanweisung
in Reaktion auf die erste Anweisung, wobei die
erste Anweisung konfiguriert ist, die zu ladende
Vorrichtung abzufragen, ob der zweite Ladungs-
modus freizugeben ist, die Antwortanweisung in
Reaktion auf die erste Anweisung konfiguriert
ist anzugeben, ob die zu ladende Vorrichtung
zustimmt, den zweiten Ladungsmodus freizuge-
ben; und

Laden der zu ladenden Vorrichtung mit dem
zweiten Ladungsmodus, wenn die zu ladende
Vorrichtung zustimmt, den zweiten Ladungsmo-
dus freizugeben.

11. Adapter (10) nach Anspruch 9 oder 10, wobei die
Steuereinheit, die konfiguriert ist, eine Zweiwege-
Kommunikation mit der zu ladenden Vorrichtung
durchzuführen, um den Ausgang des Adapters (10)
im zweiten Ladungsmodus zu steuern, konfiguriert
ist zum:

Durchführen einer Zweiwege-Kommunikation
mit der zu ladenden Vorrichtung, um eine La-
dungsspannung zu bestimmen, die vom Adap-
ter (10) im zweiten Ladungsmodus ausgegeben
wird, um die zu ladende Vorrichtung zu laden;
und
die Steuereinheit konfiguriert ist, die Ausgangs-
spannung des Adapters (10) einzustellen, wobei
die Ausgangsspannung des Adapters (10)
gleich der Ladungsspannung ist, die vom Adap-
ter (10) im zweiten Ladungsmodus zum Laden
der zu ladenden Vorrichtung ausgegeben wird,
und wobei die Steuereinheit, die konfiguriert ist,
eine Zweiwege-Kommunikation mit der zu la-
denden Vorrichtung durchzuführen, um die La-
dungsspannung zu bestimmen, die vom Adap-
ter (10) im zweiten Ladungsmodus zum Laden
der zu ladenden Vorrichtung ausgegeben wird,
konfiguriert ist zum:

Senden einer zweiten Anweisung an die zu
ladende Vorrichtung und Empfangen von
der zu ladenden Vorrichtung einer Antwort-
anweisung in Reaktion auf die zweite An-
weisung;
wobei die zweite Anweisung konfiguriert ist
abzufragen, ob die Ausgangsspannung des
Adapters (10) mit einer gegenwärtigen
Spannung der Batterie der zu ladenden
Vorrichtung übereinstimmt, und die Ant-
wortanweisung in Reaktion auf die zweite
Anweisung konfiguriert ist anzugeben, dass
die Ausgangsspannung des Adapters (10)
mit der gegenwärtigen Spannung der Bat-
terie übereinstimmt oder relativ zur gegen-
wärtigen Spannung der Batterie hoch oder
niedrig ist.

12. Adapter (10) nach einem der Ansprüche 9-11, wobei
die Steuereinheit, die konfiguriert ist, eine Zweiwe-
ge-Kommunikation mit der zu ladenden Vorrichtung
durchzuführen, um den Ausgang des Adapters (10)
im zweiten Ladungsmodus zu steuern, konfiguriert
ist zum:

Durchführen einer Zweiwege-Kommunikation
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mit der zu ladenden Vorrichtung, um einen La-
destrom zu bestimmen, der vom Adapter (10)
im zweiten Ladungsmodus zum Laden der zu
ladenden Vorrichtung ausgegeben wird; und
Einstellen des Spitzenwertes des Stromes der
ersten pulsierenden Wellenform, wobei der Spit-
zenwert des Stromes der ersten pulsierenden
Wellenform gleich dem Ladestrom ist, der vom
Adapter (10) im zweiten Ladungsmodus zum
Laden der zu ladenden Vorrichtung ausgege-
ben wird, und wobei die Steuereinheit, die kon-
figuriert ist, eine Zweiwege-Kommunikation mit
der zu ladenden Vorrichtung durchzuführen, um
den Ladestrom zu bestimmen, der vom Adapter
(10) im zweiten Ladungsmodus zum Laden der
zu ladenden Vorrichtung ausgegeben wird, kon-
figuriert ist zum:

Senden einer dritten Anweisung an die zu
ladende Vorrichtung und Empfangen von
der zu ladenden Vorrichtung einer Antwort-
anweisung in Reaktion auf die dritte Anwei-
sung, wobei die dritte Anweisung konfigu-
riert ist, den maximalen Ladestrom abzufra-
gen, der aktuell durch die zu ladende Vor-
richtung unterstützt wird, und die Antwort-
anweisung in Reaktion auf die dritte Anwei-
sung konfiguriert ist, den maximalen Lade-
strom anzugeben, der aktuell durch die zu
ladende Vorrichtung unterstützt wird; und
Bestimmen des Ladestroms, der vom Ad-
apter (10) im zweiten Ladungsmodus zum
Laden der zu ladenden Vorrichtung ausge-
geben wird, basierend auf dem maximalen
Ladestrom, der aktuell durch die zu ladende
Vorrichtung unterstützt wird.

13. Adapter (10) nach einem der Ansprüche 9-12, wobei
die Steuereinheit, die konfiguriert ist, eine Zweiwe-
ge-Kommunikation mit der zu ladenden Vorrichtung
durchzuführen, um den Ausgang des Adapters (10)
im zweiten Ladungsmodus zu steuern, konfiguriert
ist zum:
Durchführen einer Zweiwege-Kommunikation mit
der zu ladenden Vorrichtung, um den Spitzenwert
des Stroms der ersten pulsierenden Wellenform, im
Ladungsprozess mit dem zweiten Ladungsmodus,
einzustellen.

14. Adapter (10) nach Anspruch 13, wobei die Steuer-
einheit, die konfiguriert ist, eine Zweiwege-Kommu-
nikation mit der zu ladenden Vorrichtung durchzu-
führen, um den Spitzenwert des Stroms der ersten
pulsierenden Wellenform einzustellen, konfiguriert
ist zum:

Senden einer vierten Anweisung an die zu la-
dende Vorrichtung und Empfangen von der zu

ladenden Vorrichtung einer Antwortanweisung
in Reaktion auf die vierte Anweisung, wobei die
vierte Anweisung konfiguriert ist, eine gegen-
wärtige Spannung der Batterie der zu ladenden
Vorrichtung abzufragen, und die Antwortanwei-
sung in Reaktion auf die vierte Anweisung kon-
figuriert ist, die gegenwärtige Spannung der Bat-
terie anzugeben; und
Einstellen des Spitzenwerts des Stroms der ers-
ten pulsierenden Wellenform gemäß der gegen-
wärtigen Spannung der Batterie.

15. Verfahren zur Ladungssteuerung, das bei einem Ad-
apter (10) anwendbar ist, wobei der Adapter (10) in
einem ersten Ladungsmodus und einem zweiten La-
dungsmodus betreibbar ist und eine Ladungsge-
schwindigkeit einer Vorrichtung, die durch den Ad-
apter (10) zu laden ist, im zweiten Ladungsmodus
schneller ist als die Ladungsgeschwindigkeit der
Vorrichtung, die durch den Adapter (10) zu laden ist,
im ersten Ladungsmodus, wobei der Adapter (10)
eine Leistungswandlereinheit (11), eine Abtast- und
Halteeinheit (12) und eine Steuereinheit umfasst,
wobei die Leistungswandlereinheit (11) konfiguriert
ist, einen eingehenden Wechselstrom, AC, umzu-
wandeln, um eine Ausgangsspannung und einen
Ausgangsstrom des Adapters (10) zu erhalten, und
der Ausgangsstrom des Adapters (10) ein Strom ei-
ner ersten pulsierenden Wellenform ist und der Aus-
gangsstrom des Adapters (10) direkt und ohne se-
kundäre Filterschaltung an eine Batterie der zu la-
denden Vorrichtung angelegt wird, wobei die Leis-
tungswandlereinheit (11) ein AC-Eingangsende, ei-
ne primäre Gleichrichtereinheit (38), einen Transfor-
mator (T1), eine sekundäre Gleichrichtereinheit (39)
und eine erste Gleichrichtereinheit (20) umfasst, wo-
bei die primäre Gleichrichtereinheit (38) konfiguriert
ist, einen pulsierenden Gleichstrom ohne primäre
Filterung zum Transformator (T1) zu übertragen; wo-
bei die Abtast- und Halteeinheit (12) mit der Leis-
tungswandlereinheit (11) verbunden ist und konfigu-
riert ist, den Strom der ersten pulsierenden Wellen-
form abzutasten, wenn die Abtast- und Halteeinheit
(12) in einem Abtastzustand ist, und einen Spitzen-
wert des Stroms der ersten pulsierenden Wellenform
zu halten, wenn die Abtast- und Halteeinheit (12) in
einem Haltezustand ist; wobei die Steuereinheit kon-
figuriert ist, eine Zweiwege-Kommunikation mit der
zu ladenden Vorrichtung durchzuführen, um einen
Ladungsmodus zwischen dem Adapter und der zu
ladenden Vorrichtung zu verhandeln, und konfigu-
riert ist, die Ausgangsspannung oder den Ausgangs-
strom des Adapters basierend auf der gegenwärti-
gen Spannung oder der gegenwärtigen Leistung ei-
ner Batterie der zu ladenden Vorrichtung einzustel-
len;
das Verfahren umfassend:
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Bestimmen, ob die Abtast- und Halteeinheit (12)
im Haltezustand ist; und
Erlangen des Spitzenwerts des Stroms der ers-
ten pulsierenden Wellenform, der durch die Ab-
tast- und Halteeinheit (12) gehalten wird, wenn
die Abtast- und Halteeinheit (12) im Haltezu-
stand ist.

Revendications

1. Adaptateur (10), qui est utilisable dans un premier
mode de rechargement et un second mode de re-
chargement, dans lequel une vitesse de recharge-
ment d’un dispositif à recharger par l’adaptateur (10)
dans le second mode de rechargement est plus ra-
pide que dans le premier mode de rechargement,
l’adaptateur (10) comprenant :

une unité de conversion de puissance (11), con-
figurée pour convertir un courant alternatif en
entrée, CA, pour obtenir une tension en sortie
et un courant en sortie de l’adaptateur (10), dans
lequel le courant en sortie de l’adaptateur (10)
est un courant d’une première forme d’onde pul-
satoire, et dans lequel l’unité de conversion de
puissance (11) comprend une extrémité d’en-
trée CA, une unité de redressement primaire
(38), un transformateur (T1), une unité de re-
dressement secondaire (39), et une première
unité de redressement (20), l’unité de redresse-
ment primaire (38) étant configurée pour trans-
férer un courant continu pulsatoire sans unité
de filtrage primaire au transformateur (T1) ;
une unité d’échantillonnage et de maintien (12),
connectée à l’unité de conversion de puissance
(11), et configurée pour échantillonner le cou-
rant de la première forme d’onde pulsatoire lors-
que l’unité d’échantillonnage et de maintien (12)
est dans un état d’échantillonnage et pour main-
tenir une valeur de crête du courant de la pre-
mière forme d’onde pulsatoire lorsque l’unité
d’échantillonnage et de maintien (12)est dans
un état de maintien ;
une unité d’acquisition et de commande de cou-
rant (13), connectée à l’unité d’échantillonnage
et de maintien (12) et configurée pour détermi-
ner si oui ou non l’unité d’échantillonnage et de
maintien (12) est dans l’état de maintien et ac-
quérir la valeur de crête du courant de la pre-
mière forme d’onde pulsatoire maintenue par
l’unité d’échantillonnage et de maintien (12)
lorsque l’unité d’échantillonnage et de maintien
(12) est dans l’état de maintien ; et
une unité de commande, configurée pour effec-
tuer une communication à deux voies avec le
dispositif à recharger pour négocier un mode de
rechargement entre l’adaptateur et le dispositif

à recharger, et configurée pour ajuster la tension
en sortie ou le courant en sortie de l’adaptateur
sur la base de la tension présente ou de la puis-
sance de courant d’une batterie du dispositif à
recharger ;
dans lequel l’adaptateur (10) est configuré pour
appliquer directement et sans circuit de filtrage
secondaire le courant en sortie à la batterie du
dispositif à recharger.

2. Adaptateur (10) selon la revendication 1, dans lequel
l’unité d’acquisition et de commande de courant (13)
est configurée pour recevoir un signal de synchro-
nisation et déterminer sur la base du signal de syn-
chronisation si oui ou non l’unité d’échantillonnage
et de maintien (12) est dans l’état de maintien, dans
lequel la période du signal de synchronisation est
1/N de la période de la première forme d’onde pul-
satoire, et dans lequel N est un entier supérieur ou
égal à un, et dans lequel l’unité d’acquisition et de
commande de courant (13) est connectée à l’unité
de conversion de puissance (11) et configurée pour
obtenir le signal de synchronisation en provenance
de l’unité de conversion de puissance (11).

3. Adaptateur (10) selon la revendication 2, dans lequel
l’unité de conversion de puissance (11) comprend
une unité primaire (18) et une unité secondaire (19),
l’unité d’acquisition et de commande de courant (13)
est connectée à l’unité secondaire (19) et configurée
pour obtenir le signal de synchronisation en prove-
nance de l’unité secondaire (19), et dans lequel l’uni-
té secondaire (19) comprend une première unité de
redressement (20) connectée à l’unité d’acquisition
et de commande de courant (13), et dans lequel la
première unité de redressement (20) est configurée
pour redresser un courant qui est couplé à l’unité
secondaire (19) par l’unité primaire (18), pour obtenir
une tension d’une seconde forme d’onde pulsatoire
et transmettre la tension de la seconde forme d’onde
pulsatoire en tant que signal de synchronisation à
l’unité d’acquisition et de commande de courant (13).

4. Adaptateur (10) selon l’une quelconque des reven-
dications 2 et 3, dans lequel l’unité d’acquisition et
de commande de courant (13) est configurée pour
déterminer sur la base du signal de synchronisation
si oui ou non la première forme d’onde pulsatoire est
au niveau du bord de crête ou descendant et acquérir
la valeur de crête du courant de la première forme
d’onde pulsatoire maintenue par l’unité d’échan-
tillonnage et de maintien (12) si la première forme
d’onde pulsatoire est au niveau du bord de crête ou
descendant.

5. Adaptateur (10) selon la revendication 4, dans lequel
l’unité d’acquisition et de commande de courant (13)
comprend :
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un comparateur (22) et une unité de commande (23),
dans lequel le comparateur (22) a une première ex-
trémité d’entrée configurée pour recevoir le signal
de synchronisation et une seconde extrémité d’en-
trée configurée pour recevoir une tension de réfé-
rence, l’unité de commande (23) est connectée à
une extrémité de sortie du comparateur (22) et con-
figurée pour déterminer sur la base d’un résultat de
comparaison entre une tension du signal de synchro-
nisation et la tension de référence si oui ou non la
première forme d’onde pulsatoire est au niveau du
bord de crête ou descendant.

6. Adaptateur (10) selon la revendication 4, dans lequel
l’unité d’acquisition et de commande de courant (13)
comprend :
une unité de comparaison (24) et une unité de com-
mande (25), dans lequel l’unité de comparaison (24)
comprend un condensateur (26) et un comparateur
(27), le condensateur (26) est configuré pour rece-
voir le signal de synchronisation et filtrer un signal
de courant continu (CC) contenu dans le signal de
synchronisation pour obtenir un signal CA de point
de passage par zéro, et le comparateur (27) a une
première extrémité d’entrée connectée au conden-
sateur (26) et configurée pour recevoir le signal CA
et une seconde extrémité d’entrée configurée pour
recevoir une tension de référence, et le comparateur
(27) est configuré pour comparer une tension du si-
gnal CA avec la tension de référence ; dans lequel
l’unité de commande (25) est connectée à une ex-
trémité de sortie du comparateur (27) et configurée
pour déterminer sur la base d’un résultat de compa-
raison entre la tension du signal CA et la tension de
référence si oui ou non la première forme d’onde
pulsatoire est au niveau du bord de crête ou descen-
dant, et dans lequel une valeur de tension de la ten-
sion de référence est égale à zéro.

7. Adaptateur (10) selon l’une quelconque des reven-
dications 1 à 6, comprenant en outre :

une unité d’ajustement de tension (28), connec-
tée à l’unité de conversion de puissance (11) et
configurée pour détecter et ajuster la tension en
sortie de l’adaptateur (10) ;
dans lequel l’unité d’acquisition et de comman-
de de courant (13) est connectée à l’unité d’ajus-
tement de tension (28) et configurée pour ajuster
la valeur de crête du courant de la première for-
me d’onde pulsatoire par le biais de l’unité
d’ajustement de tension (28).

8. Adaptateur (10) selon l’une quelconque des reven-
dications 1 à 7, dans lequel l’unité d’échantillonnage
et de maintien (12) comprend :

une unité d’échantillonnage de courant (14),

connectée à l’unité de conversion de puissance
(11), et configurée pour détecter le courant de
la première forme d’onde pulsatoire pour obtenir
un courant d’échantillonnage et convertir le cou-
rant d’échantillonnage en une tension d’échan-
tillonnage, dans lequel la tension d’échantillon-
nage est configurée pour indiquer l’amplitude du
courant de la première forme d’onde pulsatoire ;
et
une unité de maintien de courant (15), connec-
tée à l’unité d’échantillonnage de courant (14)
et à l’unité d’acquisition et de commande de cou-
rant (13), et configurée pour recevoir la tension
d’échantillonnage en provenance de l’unité
d’échantillonnage de courant (14) et recharger
le condensateur de l’unité de maintien de cou-
rant (15) sur la base de la tension
d’échantillonnage ;
dans lequel l’unité d’acquisition et de comman-
de de courant (13) est configurée pour acquérir
la valeur de crête du courant de la première d’on-
de pulsatoire en détectant une tension à travers
le condensateur de l’unité d’échantillonnage et
de maintien (12).

9. Adaptateur (10) selon l’une quelconque des reven-
dications 1 à 8, dans lequel le courant de la première
forme d’onde pulsatoire est le courant en sortie de
l’adaptateur (10) dans le second mode de recharge-
ment, et dans lequel l’adaptateur (10) comprend
l’unité de commande, qui est configurée pour réaliser
une communication à deux voies avec le dispositif
à recharger pour commander la sortie de l’adapta-
teur (10) dans le second mode de rechargement,
lorsque l’adaptateur (10) est connecté au dispositif
à recharger, et dans lequel l’unité de commande con-
figurée pour réaliser une communication à deux
voies avec le dispositif à recharger pour commander
la sortie de l’adaptateur (10) dans le second mode
de rechargement est configurée pour réaliser une
communication à deux voies avec le dispositif à re-
charger pour négocier un mode de rechargement
entre l’adaptateur (10) et le dispositif à recharger.

10. Adaptateur (10) selon la revendication 9, dans lequel
l’unité de commande configurée pour réaliser une
communication à deux voies avec le dispositif à re-
charger pour négocier le mode de rechargement en-
tre l’adaptateur (10) et le dispositif à recharger est
configurée pour :

transmettre une première instruction au dispo-
sitif à recharger et recevoir en provenance du
dispositif à recharger une instruction de réponse
réagissant à la première instruction, dans lequel
la première instruction est configurée pour inter-
roger le dispositif à recharger sur le fait d’activer
ou non le second mode de rechargement, l’ins-
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truction de réponse réagissant à la première ins-
truction est configurée pour indiquer si oui ou
non le dispositif à recharger accepte d’activer le
second mode de rechargement ; et
recharger le dispositif à recharger avec le se-
cond mode de rechargement lorsque le dispo-
sitif à recharger accepte d’activer le second mo-
de de rechargement.

11. Adaptateur (10) selon la revendication 9 ou 10, dans
lequel l’unité de commande configurée pour réaliser
une communication à deux voies avec le dispositif
à recharger pour commander la sortie de l’adapta-
teur (10) dans le second mode de rechargement est
configurée pour :

réaliser une communication à deux voies avec
le dispositif à recharger, pour déterminer une
tension de rechargement, qui est sortie de
l’adaptateur (10) dans le second mode de re-
chargement pour recharger le dispositif à
recharger ; et
l’unité de commande est configurée pour ajuster
la tension en sortie de l’adaptateur (10), moyen-
nant quoi la tension en sortie de l’adaptateur (10)
est égale à la tension de rechargement qui est
sortie de l’adaptateur (10) dans le second mode
de rechargement pour recharger le dispositif à
recharger, et dans lequel l’unité de commande
configurée pour réaliser une communication à
deux voies avec le dispositif à recharger pour
déterminer la tension de rechargement qui est
sortie de l’adaptateur (10) dans le second mode
de rechargement pour recharger le dispositif à
recharger est configurée pour :

transmettre une deuxième instruction au
dispositif à recharger et recevoir en prove-
nance du dispositif à recharger une instruc-
tion de réponse réagissant à la deuxième
instruction ;
dans lequel la deuxième instruction est con-
figurée pour interroger la tension en sortie
de l’adaptateur (10) sur le fait qu’elle cor-
respond ou non à une tension présente de
la batterie du dispositif à recharger, et l’ins-
truction de réponse réagissant à la deuxiè-
me instruction est configurée pour indiquer
que la tension en sortie de l’adaptateur (10)
correspond à la tension présente de la bat-
terie, ou est haute ou basse par rapport à
la tension présente de la batterie.

12. Adaptateur (10) selon l’une quelconque des reven-
dications 9 à 11, dans lequel l’unité de commande
configurée pour réaliser une communication à deux
voies avec le dispositif à recharger pour commander
la sortie de l’adaptateur (10) dans le second mode

de rechargement est configurée pour :

réaliser une communication à deux voies avec
le dispositif à recharger pour déterminer un cou-
rant de rechargement, qui est sorti de l’adapta-
teur (10) dans le second mode de rechargement
pour recharger le dispositif à recharger ; et
ajuster la valeur de crête du courant de la pre-
mière forme d’onde pulsatoire, moyennant quoi
la valeur de crête du courant de la première for-
me d’onde pulsatoire est égale au courant de
charge qui est sorti de l’adaptateur (10) dans le
second mode de rechargement pour recharger
le dispositif à recharger et dans lequel l’unité de
commande configurée pour réaliser une com-
munication à deux voies avec le dispositif à re-
charger pour déterminer le courant de rechar-
gement qui est sorti de l’adaptateur (10) dans le
second mode de rechargement pour recharger
le dispositif à recharger est configurée pour :

transmettre une troisième instruction au dis-
positif à recharger et recevoir en provenan-
ce du dispositif à recharger une instruction
de réponse réagissant à la troisième ins-
truction, dans lequel la troisième instruction
est configurée pour interroger le courant de
rechargement maximum actuellement sup-
porté par le dispositif à recharger, et l’ins-
truction de réponse réagissant à la troisiè-
me instruction est configurée pour indiquer
le courant de rechargement maximum ac-
tuellement supporté par le dispositif à
recharger ; et
déterminer le courant de rechargement qui
est sorti de l’adaptateur (10) dans le second
mode de rechargement pour recharger le
dispositif à recharger, sur la base du courant
de rechargement maximum actuellement
supporté par le dispositif à recharger.

13. Adaptateur (10) selon l’une quelconque des reven-
dications 9 à 12, dans lequel l’unité de commande
configurée pour réaliser une communication à deux
voies avec le dispositif à recharger pour commander
la sortie de l’adaptateur (10) dans le second mode
de rechargement est configurée pour :
réaliser une communication à deux voies avec le dis-
positif à recharger pour ajuster la valeur de crête du
courant de la première forme d’onde pulsatoire, dans
le processus de rechargement avec le second mode
de rechargement.

14. Adaptateur (10) selon la revendication 13, dans le-
quel l’unité de commande configurée pour réaliser
une communication à deux voies avec le dispositif
à recharger pour ajuster la valeur de crête du courant
de la première forme d’onde pulsatoire est configu-
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rée pour :

transmettre une quatrième instruction au dispo-
sitif à recharger et recevoir en provenance du
dispositif à recharger une instruction de réponse
réagissant à la quatrième instruction, dans le-
quel la quatrième instruction est configurée pour
interroger une tension présente de la batterie du
dispositif à recharger, et l’instruction de réponse
réagissant à la quatrième instruction est confi-
gurée pour indiquer la tension présente de la
batterie ; et
ajuster la valeur de crête du courant de la pre-
mière forme d’onde pulsatoire selon la tension
présente de la batterie.

15. Procédé pour la commande de rechargement, qui
est applicable à un adaptateur (10), dans lequel
l’adaptateur (10) est utilisable dans un premier mode
de rechargement et un second mode de recharge-
ment, et une vitesse de rechargement d’un dispositif
à recharger par l’adaptateur (10) dans le second mo-
de de rechargement est plus rapide que la vitesse
de rechargement du dispositif à recharger par l’adap-
tateur (10) dans le premier mode de rechargement,
dans lequel l’adaptateur (10) comprend une unité de
conversion de puissance (11), une unité d’échan-
tillonnage et de maintien (12), et une unité de com-
mande, dans lequel l’unité de conversion de puis-
sance (11) est configurée pour convertir un courant
alternatif en entrée, CA, pour obtenir une tension en
sortie et un courant en sortie de l’adaptateur (10), et
le courant en sortie de l’adaptateur (10) est un cou-
rant d’une première forme d’onde pulsatoire et le
courant en sortie de l’adaptateur (10) est appliqué
directement et sans circuit de filtrage secondaire à
une batterie du dispositif à recharger, dans lequel
l’unité de conversion de puissance (11) comprend
une extrémité d’entrée CA, une unité de redresse-
ment primaire (38), un transformateur (T1), une unité
de redressement secondaire (39), et une première
unité de redressement (20), l’unité de redressement
primaire (38) étant configurée pour transférer un
courant continu pulsatoire sans filtrage primaire au
transformateur (T1); dans lequel l’unité d’échan-
tillonnage et de maintien (12) est connectée à l’unité
de conversion de puissance (11) et configurée pour
échantillonner le courant de la première forme d’on-
de pulsatoire lorsque l’unité d’échantillonnage et de
maintien (12) est dans un état d’échantillonnage et
maintenir une valeur de crête du courant de la pre-
mière forme d’onde pulsatoire lorsque l’unité
d’échantillonnage et de maintien (12) est dans un
état de maintien ; dans lequel l’unité de commande
est configurée pour réaliser une communication à
deux voies avec le dispositif à recharger pour négo-
cier un mode de rechargement entre l’adaptateur et
le dispositif à recharger, et configurée pour ajuster

la tension en sortie ou le courant en sortie de l’adap-
tateur sur la base de la tension présente ou de la
puissance de courant de la batterie du dispositif à
recharger ;
le procédé comprenant :

le fait de déterminer si oui ou non l’unité d’échan-
tillonnage et de maintien (12) est dans l’état de
maintien ; et
l’acquisition de la valeur de crête du courant de
la première forme d’onde pulsatoire maintenue
par l’unité d’échantillonnage et de maintien (12)
lorsque l’unité d’échantillonnage et de maintien
(12) est dans l’état de maintien.
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